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FOREWORD

Bulletin No. 106-2, "Ground Water Occurrence and Quality,

San Diego Region", culminates an intensive 2-year investigation of most

of San Diego County, and limited portions of Riverside and Orange Counties.

This study authorized under Section I2616, Chapter 1, of the

State Water Code, is the second of two reports in the Bulletin No. I06

series. The first. Bulletin No. I06-I, "Ground Water Occurrence and

Quality, Lahontan Region", was published in June 196i+. These investiga-

tions, because of their broad scope and vast areal extent were, by neces-

sity, of a general nature.

The San Diego Region was selected for investigation because the

surface and ground water monitoring program of the Department had indicated

the existence of water quality problems of various origins.

In this investigation, the geohydrochemical approach was used

to evaluate existing conditions: that is, a study was made of the chemi-

cal quality of surface and ground water as it is influenced by the geo-

logic and hydrologic environments and modified by man's activities.

Therefore, geologic, hydrologic, and water quality studies were

made of the 11 hydrologic units within the San Diego Drainage Province.

Ground waters in each of these \inits were analyzed and classified as to

their suitability for domestic and irrigation uses. Existing sources of

ground water impairment were also noted because this information will

serve as a basis for discerning water quality trends.

The availability of an adequate supply of water of a quality

suitable for beneficial uses is a prime factor in the future cult\iral

development and growth in the San Diego Region. This report is designed

to bring into sharper focus some of the water quality problems that must

be overcome if ground water is to contribute to such growth.

William R. Gianelli, Director
Department of Water Resources

The Resources Agency
State of California

April 13, 1967
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AUTHORIZATION

The Department of Water Resources has undertaken this investiga-
tion as part of the continuing evaluation of the surface and ground water
quality problems in Southern California. Section I2616, Article 5, Chapter 1,
Part 6, Division 6 of the California Water Code authorized the Department to
conduct these investigations:

"The department may conduct investigations of the
water resources of the State, formulate plans for the
control, conservation, protection, and utilization of
such water resources, including solutions for the water
problems of each portion of the State as deemed expedi-
ent and economically feasible, and may render reports
thereon. In conducting such investigations and formu-
lating such plans , the department may conduct investiga-
tions and surveys to determine the availability, usability,
extents, and boundaries of underground basins."

In addition, this investigation of the ground water resources of
the San Diego Region has been made in support of the activities of the
San Diego Regional Water Quality Control Board (No. 9), and the many local
water districts, agencies, water purveyors, and private citizens who have
a direct and very real interest in the Region's water resources.
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ABSTRACT

The San Diego Region, with a I965 population of more than 1,200,000 persons largely centered in metro-
politan San Diego, is a vast mountain and valley expanse of 3,900 square miles. With increasing devel-

opment of the Region and a sustained drought, the water supply problem and its apparent consequences
became matters of concern. To meet the water needs of the populace, it was necessary, beginning in 19'*7.

to import Colorado River water. / Prior to that, reservoir releases and sustained heavy extractions of

ground water were required in the populated coastal and developed inland areas. This pimping resulted
in the impairment of the ground water quality by accelerating the lowering of water levels, which led to
the intrusion of sea water and the migration of connates into the ground water reservoirs, / Chemical
characteristics of ground water in alluvium and residuum throughout much of the Region are highly vari-
able and depend largely on the watershed environment and local conditions resulting from man's activities.

The effects of man's activities are particularly far-reaching where there have been heavy ground water
extractions accompanied by a deficiency of precipitation and, consequently, little ground water movement
to recharge and flush out the water-bearing materials. The use of supplemental waters by man to sustain
his presence in the Region has also modified the chemical quality of the native ground water. / In the
inland portions of the Region, native waters associated with continental Pleistocene sediments and with
crystalline rocks tend to be sodium to calcium bicarbonate in character. These waters generally have a

total dissolved solids concentration of less than 60O parts per million. Waters associated with the more
basic crj-stalline rocks, such as the gabbros , are relatively rich in magnesium. / In the coastal portion,

pre-Quaternary sediments, where water bearing, contain waters having a total dissolved solids content that
generally falls within a range of 1+00 to 2,000 parts per million. Sodium and chloride ions generally pre-
dominate in association with calcium and bicarbonate ions. / Plates and figures depict geologic, hydro-
logic, and water quality findings and relationships.



CHAPTER I. INTRODUCTION

The spectacular growth of the San Diego Region, especially
the area centered around the City of San Diego, has brought

an equally rapid increase in the demand for water. During
the past several years, ground water storage in some areas

has been virtually exhausted, making large portions of the
Region almost fully dependent on imported Colorado River

water. In fact, during the period July 1, 1963 through
June 30, 196h , about 80 percent of the Region's needs were

met by imported water.

Although low precipitation and lack of extensive gro\md water

reservoirs in the Region as a whole make it impossible for

local supplies to fill more than a relatively small portion

of the water requirements, fvirther development of ground water

resoiorces in other parts of the Region is necessary.

Development of additional information on the occiirrence,

movement, and quality of ground water is a prerequisite to

optimum utilization of this local supply. Therefore, the

Department of Water Resources undertook a systematic svirvey

of ground water conditions in the 11 hydrologic units and 5^

hydrologic subunits of the San Diego Region shown on Plate 1.

OBJECTIVES OF INVESTIGATION

The objectives of this investigation were to determine the

water quality conditions in the study area and to identify

the nature and extent of the water quality problems.

Programs for which this investigation will form the initial

phase include projects \inder the Porter-Dolwig Ground Water

Basin Protection Law; advice to the San Diego Regional Water

Quality Control Board (No. 9); and long-range planning
studies for water.

SCOPE OF INVESTIGATION

The area investigated - the San Diego Drainage Province - is

referred to as the San Diego Region in this report. It

includes that part of San Diego Coiinty which drains to the

Pacific Ocean and portions of Orange and Riverside Counties

(Plate 1)

.

For this study, available geologic, hydrologic, and water

quality data in the files of the Department and other public

and private agencies were reviewed, and pertinent information

was extracted and compiled.

-1-



Investigations in the field included reconnaissance geologic
mapping, well canvassing and ground water level measuring,
ground and surface water sampling, analyzing of samples for
chemical constituents » and reviewing developed portions of
the Region to determine land and water use.

The investigation was conducted from Decemher I963 through
December 1965. Most data presented in this bulletin were
collected subsequent to January I960. Some data collected
as early as 1950 were reviewed and pertinent information
from these data is included within the Bulletin.

A list of reports, on earlier investigations, which were
reviewed diiring the course of this investigation, is presented
in Appendix A.

AREA OF INVESTIGATION

Topography

The San Diego Region, shown on Plate 1, is a northwesterly
trending, approximately oblong area of about 3,900 square
miles. It is located in the southwesternmost part of
California, largely in San Diego County and partly in Orange
and Riverside Counties. This area, the same as that imder
the jurisdiction of the San Diego Regional Water Quality
Control Board (No. 9), is defined in Section 130iiO(f),

Article 1, Chapter h. Division T of the California Water Code
as comprising "all basins draining into the Pacific Ocean
between the southern boundary of the Santa Ana Region and
the California-Mexico Boundary."

The Region averages about U5 miles in width and extends for
approximately 80 miles along the Pacific Coast, from the
drainage divide in the San Joaquin Hills near Laguna Beach,
south to the United States-Mexico International Boundary.

The most prominent physical feature of the Region is the
northwest-to-southeast trending Peninsular Range that com-
prises the Santa Ana, Agua Tibia, Palomar, Hot Springs,
Aguanga, Volcan, Cuyamaca, and Laguna Mountains. Elevations
vary from sea level to 6,8ll feet at Thomas Mountain, located
in the northeast corner of the Region due north of Anza.

Eight principal stream systems, originating on the western
slope of the Peninsular Range, discharge into the Pacific
Ocean. From north to south these are San Juan Creek and
the Santa Margarita, San Luis Rey, San Dieguito, San Diego,
Sweetwater, Otay, and Tia Juana Rivers.

-2-



Climate

The climate near the coast is generally mild. Temperatures
average about 65 degrees Fahrenheit and precipitation averages
10 to 13 inches. Proceeding inland, as elevations increase,
average temperatures decline to 57 degrees Fahrenheit in the
Laguna Mountain area and precipitation increases to more than
1+5 inches in the Palomar Mountain area. Temperature and
rainfall intensity variations are larger in the inland portions.
The recorded maxim\im is 11.5 inches of rainfall in 90 minutes
at Campo on August 12, I89I. Precipitation occurs principally
as rain, with snow common only in the high mountains.

Cultural Development

Historically, development in the San Diego Region has centered
around irrigated agriciilture, livestock, and mining. However,

Irrigated Agriculture
near Fallbrook, I963

From the Historical Collection
of Title Insurance and Trust Company

San Diego, California

Avocados have continued as a principal produce,
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within the past 25 years, the construction of military instal-
lations and manufacturing facilities, such as the aerospace
industries, has brought a population infliox that has radically
changed the pattern of development, particularly in the west-
ern portions of the Region, The discussion on cultural
development in the following section has "been divided into

agriculture, urban and suburban, and mining activities.

Agriculture

Agriculture and the raising of livestock, which have long
been major economic activities in the area, are dependent
upon the development of water supplies in the Region. Early
settlers diverted flows of surface streams in the mountain
valleys for the irrigation of forage crops and for livestock
watering. Later, ground water supplies were developed to
support increasing acreages of irrigated crops.

The first known agricultural development in the San Diego
Region came with the founding of Mission San Diego by the
Franciscan Fathers in 1769 • Water from the San Diego River,
originally obtained by surface diversion and later supple-
mented by wells dug in the river, was used to irrigate fields
surrounding the Mission. Similar agricultural development
accompanied the establishment of Mission San Luis Rey and
San Juan Capistrano.

Not until the latter half of the 19th century did significant

expansion of irrigation begin. This development was brought
about mainly by completion of the first railroad in I885

from Los Angeles to San Diego and the resulting real estate
boom. However, until the completion of the Sweetwater and

Cuyamaca water systems, irrigation was confined to the small

and scattered areas in the various stream valleys. The irri-
gated acreage increased steadily as additional surface water
storage and diversion facilities were constructed and as

ground water supplies were utilized.

Winter truck crops were first grown commercially near San Diego
about 1910, and avocados and other subtropical fruits in

1915. The mild climate with long frost-free periods was
found highly favorable for production of these crops and was,
therefore, influential in stimulating an intensive agricul-
tural development in areas where water was available.

The growth of irrigated agriculture, based on surveys made
in 1888, 1912, 1926, 1932, 19^+8, and 1958, is shown on
Figure 1. The amount of irrigated agriciilture increased more

than tenfold between I888 and 1912, and more than doubled
between 1912 and 1926. These were the periods in which

-k-
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increasing amounts of water vere developed for irrigation.

Increases in irrigated agriculture acreage between 1926 and

1932 were minor. After that, lands were again brought into

production at an increasing rate.

The pattern of agricultural land use has remained fairly-

stable during the past half century, with avocados, citrus,

and truck crops continuing as the principal produce. Despite

the encroachment of urban and suburban development on zoned

agriculture lands, irrigated agriculture has continued to

increase at a fairly stable rate.

Urban and Suburban

The population of the San Diego Region, which grew slowly
until the latter part of the 19th century, was limited in

large part by a lack of firm water supplies and adequate
transportation facilities. After the turn of the century,

with the initiation of several water development projects
and the completion of the first railroad, the population of

the area began a generally steady but accelerated growth —
the rate of which exceeded that of either the State or the

nation during the first half of the 20th century. As shown



on Figirre 2, the population of San Diego Region increased

to 1,062,100 in i960. In 1965, the population exceeded

1,200,000. Of this total, about 90 percent resided within

the area serviced by the San Diego County Water Authority,
that is, roughly, the western half of the Region. The City

of San Diego, the largest population center, as of January 1965

had a population of nearly 6^+5,000. By 1990, the population

in the San Diego Region is expected to be more than 2,000,000.

Although the total water service area is now almost equally
divided between agricultural and urban-suburban lands , the

Region — especially in the coastal portions — is rapidly
becoming predominantly urban-suburban.

Between 19^8 and 1958, the increase in urban-suburban lands

was T^ percent, or about three times as great as the percentage
increase experienced in irrigated agriculture. This tremen-
dous growth is most apparent in the densely populated
San Diego metropolitan area and the less populous but also
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POPULATION IN SAN DIEGO REGION

FIGURE 2
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rapidly growing communities, such as Escondido, Oceanside,

Carlsbad, Fallbrook, Laguna Beach, San Juan Capistrano, Ramona,

San Clemente and others.

Major economic endeavors in the area are the aerospace and

aircraft industries and ocean fishing. In addition, the head-

quarters of the U. S. 11th Naval District, with its vast

facilities, is in the San Diego metropolitan area. Camp

Pendleton, the largest U. S. Marine Corps base in the nation,

is near Oceanside.

A center of tourist attractions and a mecca for retired
persons, the Region serves as a gateway to Mexico through
Tijuana, Baja California.

Mining

Mineral deposits are widespread, and mining activity has been
economically important since gold was discovered near Julian

in 1869. Prior to this, Indians and early-day Spanish and

Mexican inhabitants are said to have recovered small amounts

of gold from deposits southeast of what is now Escondido.

In the late 1700 's and early l800's, some noncommercial

mining was done by the early Spanish settlers. They used

stone and adobe for construction of buildings, walls, and

small dams. Important commodities produced in former years

include gold (mainly 1870-75 and 1887-1900); gem minerals,

especially tourmaline and kunzite (mainly 1900-12); feldspar
(l9l8-i+3); and lithium mica (I892-I928). Important commod-

ities produced in recent years are dimension stone, salt,

magnesium chloride, clay, pyrophyllite, and specialty sands.

At present, the principal commodities mined are sand and

gravel along with crushed and broken stone (Weber, I963)

.

PRESENTATION IN REPORT

For this study, the San Diego Region (drainage province) was

divided into 11 hydrologic units and 5^4 hydrologic subunits

with boundaries shown on Plate 1. The boundaries are identi-

cal with those in DWR report, "Names and Areal Code Numbers

of Hydrologic Areas in the Southern District", which was

published in April I96U

.

More than 100 ground water basins have been delineated in

the Region; many of these have been described in previous

reports. Hydrologic units investigated during this study

are designated by the code and name shown on Plate 1. They

are discussed in Chapter VI according to their numerical

sequence within the San Diego Region.

-7-
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FINDINGS

The report first presents an overall picture of the geologic,

water supply, and water quality conditions in the San Diego

Region and then concludes with a detailed account of con-

ditions within the individual hydrologic units and subunits.

Emphasis is placed on the use of illustrative material to

present the interpretative data in this report.

The findings of this investigation may be summarized as

follows

:

1. The three influences on the chemical quality of water

resources in an area — geologic environment, hydrologic

environment, and activities of man — are closely inter-

related in their effects upon the water resources of the

San Diego Region (an area which extends approximately
U5 miles inland from the coast and southerly from the

drainage divide near Laguna Beach to the California-Mexican

Boundary ) .

For example, the general deficiency of precipitation and con-

sequent reduced runoff over the past 20 years and the limited

size of the ground water reservoirs, coupled with an acceler-

ated population growth, have resulted, to a large degree, in

depleting the water resources of much of the Region. Conse-

quently, overdraft conditions developing in some of the

major alluvium-filled coastal valleys have resulted in sea-

water intrusion and connate water invasion which have impaired

the chemical quality of the native ground water. This deple-

tion and impairment have been directly reflected in the

increased requirements for importation of Colorado River water.

Although, for the Region as a whole, this imported water con-

stitutes approximately 80 percent of the supply, some areas

are entirely dependent upon local ground and surface water

sources

.

2. The principal factors within the geologic environment

that have influenced the constituents dissolved in surface

and ground water are the chemical composition of the rocks

and the weathering processes which these rocks undergo and,

to a lesser degree, the natural discharge of hot springs.

3. The chemical quality of water in the San Diego Region

has been modified to varying degrees as a result of man's

activities. These include importation of Colorado River water,

use of reclaimed waste water and desalinized water, intrusion

of sea water, invasion by connates, development of adverse

salt balance conditions, disposal of domestic and industrial

-9-



wastes, and application of chemical fertilizers. Future
importation of Northern California water will also influence
and ameliorate the chemical quality of these waters.

h. The principal water quality problems in the Region are

the impairment of chemical quality of groimd water in the
alluvi\im-filled valleys in some of the coastal areas as a

result of sea-water intrusion, connate water invasion, or
both and the impairment of the water quality in some inland
communities from waste water disposal practices and irri-
gation return.

5. The major rock types in the study area are alluvium,
residuum. Pleistocene sediments — principally the Pala
Fanglomerate, Temecula Arkose, and Pauba Formation of conti-
nental origin; pre-Quaternary sediments — largely the
San Diego, Capistrano, San Mateo, and La Jolla Formations
of marine origin and the Poway Conglomerate, largely of con-
tinental origin; and crystalline rocks — principally tonal-
ites, granodiorites

,
gabbros , and metamorphics . Of these,

the crystalline rocks, which form the Southern California
Batholith, are the largest single group. Residuum has devel-
oped in situ on these crystalline rocks. The alluvium and
pre-Quaternary sediments are mainly located in the coastal
plain section of the study area with the continental Pleistocene
sediments occurring largely in the mountain-valley section
of the Region.

6. Most of the readily extractable ground water is obtained
from reservoirs consisting of alluvium and Pleistocene sedi-
ments, with lesser amounts from pre-Quaternary sediments,
residuum, and fractured and jointed crystalline rocks.

T. The chemical quality of ground water from alluviiim is

highly variable, but generally where it is over-extracted in

the coastal areas, it has a total dissolved solids (TDS) con-
tent exceeding 1,000 ppm and a sodium chloride character.
Proceeding inland, the TDS usually decreases to less than
500 ppm, with a sodium to calcium bicarbonate character.
Ground water extracted from the alluvium generally varies
from marginal to inferior for domestic and irrigation uses in

the coastal areas and suitable to marginal in the inland areas.

8. In general, ground water from the continental Pleistocene
sediments has a TDS concentration falling within 200 to 6OO ppm,
a calciijm to sodiiom bicarbonate chemical character, and is

of suitable chemical quality for domestic and irrigation
uses.

9. The pre-Quaternary sediments, which are largely marine
in origin and in part water bearing, contain partially flushed
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connate waters of varying chemical quality. These waters

generally have a TDS concentration of UOO to 2,000 ppm, a

sodium to calcium and 'bicar'bonate to chloride chemical char-

acter, and are marginal to inferior for domestic and irri-

gation uses.

10. Ground water extracted from the fractured and jointed

crystalline rocks generally has a TDS concentration that falls

between 150 and 700 ppm, a calcium to sodium bicarbonate char-

acter, and a chemical quality suitable for domestic and irri-

gation uses. However, ground water extracted from residuum

is generally much more variable in chemical quality.

11. In the San Diego Region, the four major cations normally

foiind in natural water, in general order of decreasing abun-

dance are: calcium, sodium, magnesium, and potassiim. They

are derived from the principal chemical constituents of the

crystalline rocks — oxides of silicon, aluminum, iron

(relatively insoluble), calciiim, magnesi\im, sodium, and

potassium.

12. Although potassium is present in most of the crystalline

rocks, its concentration in surface and ground water is

negligible. This results from the adsorption of potassium

by clayey materials and from other complex physicochemical

processes

.

13. If the chemical analysis of a specific crystalline rock

type is known and if the conversion technique presented in

this study is used, it is possible to estimate the cation

chemical character of the water that comes into contact with

that rock type.

CONCLUSIONS

Based on the findings of this study, the following conclusions

may be drawn

:

1. Because of the depletion of local water supplies and the

impairment of their chemical quality, many parts of the

San Diego Region are in need of supplemental supplies, such

as imported Northern California water, desalinized water,

and reclaimed waste water. These supplemental waters could

be used to recharge groimd water reservoirs. Ground water

replenishment would improve the chemical quality of the local

ground waters by flushing out encroaching connate and sea

waters.

2. The interrelationships evaluated in this study between

the geologic and hydrologic environments and the activities

-11-



of man on the one hand and chemical quality of the water on

the other hand proved a valuable tool in this investigation,
and should be applicable in other areas. Utilizing this

method, the evolution of the water quality in the study area

was ascertained. This technique also can be used to predict
future trends in water quality.
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CHAPTER II. GEOLOGY

This chapter presents a discussion of the general geology
of the San Diego Region. Detailed discussions of those geo-
logic features which significantly affect the hydrology and
water quality of the hydrologic iinits and subunits are p're-

sented in Chapter VI.

Investigation of the geology included a study of the various
rock types and their distribution and the effects of the
chemical properties of these rocks on water quality. These
facets are discussed in detail in Chapter V.

The major water-bearing rock types are the unconsolidated to
semiconsolidated sediments and, to a lesser degree, the con-
solidated sediments, residuum, and fractured crystalline
rocks.

Field mapping of the major water-producing areas in the
San Diego Region was done by Department of Water Resources
personnel. This information was integrated with geologic
maps of consolidated sediments and crystalline rocks compiled
and/or mapped by the California Division of Mines and Geology
(1962 and 1966), and modified where necessary.

Reports by Ellis and Lee (1919), and Larsen, Everhar, and
Merriam (l95l), and Weber (1963) cover major portions of
the Region.

The aspects of geology which are discussed in this chapter
are geologic history, physiography, soil characteristics,
geologic rock types, and structural geology. Selected
references are presented in Appendix A and a list of defi-
nitions is presented in Appendix B.

GEOLOGIC HISTORY

Data utilized to interpret the sequence of events which
occurred in the San Diego Region were largely obtained from
Bulletin ITO of California Division of Mines (195^4). The
significant events that form the history are described here
in chronological order from oldest to youngest.

1. Originally, the Region was part of a vast area composed
of pre-batholithic rocks. These rocks were subsequently
subjected to tectonic forces which resulted in their folding,
faulting, and metamorphism.

2. A magmatic body (the Southern California Batholith),
probably related in part to the above-mentioned metamorphic
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activity, vas emplaced during the beginning of late Cretaceous

time. From this body, many separate injections occurred along

zones of structural weakness. Many of the existing rocks were

intruded and assimilated by encroaching magmatic material and

now occur as roof pendants or inclusions of hybrid gneisses
and schists within the batholith. Contact metamorphism
occurred between the molten material and country rock, allow-

ing recrystallization and formation of new materials. As a

result of magmatic differentiation, the composition of the
molten mass changed during the cooling process, resulting in

the formation of gabbros, then tonalties, and finally
granodiorites.

3. After emplacement of the batholith, uplift occurred,
allowing most of the overlying rocks to be removed by
erosion. The erosion continued until the area was one of

low relief and it was deeply weathered.

k. The materials that had been eroded were deposited along

the sea margins. Sedimentation also occurred during late

Cretaceous time, but subsequent erosion has removed much of

this evidence.

5. The Tertiary Period began with deposition of more sedi-

ments on a land surface of low relief. During Paleocene
time, the northern portion of the Region was subjected to

fluctuating seas. In Eocene time, sea level was stabilized
and, consequently, marine sediments were deposited.

6. In late Eocene time, regional uplift resulted in erosion

and, as relief of this land surface was reduced, a thick
deposition of continental sediments occurred.

7. Oligocene and Miocene times seem to have been ones of

uplift and tilting in the major part of the Region, except

in the northern coastal portion.

8. As the Los Angeles Basin was submerged in middle Miocene

time, thick marine beds were deposited, which overlapped the

northwestern coastal portion of the San Diego Region. During

Miocene time, a breccia, containing rock fragments similsir to

those now found on Santa Catalina Island, was deposited along

the northern coastal portion of the San Diego Region. Because

of the similarity between the breccia and rocks on Santa

Catalina Island, the breccia was probably derived from a major
land mass to the west which now is no longer in existence.

9. Sedimentation in Pliocene time appears to have been dis-

continuous along the coast and to have taken place in shallow
marine embayments, as in the southwestern coastal part, where
clastic sediments were deposited.
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10. During Pleistocene time, the sea receded from the conti-

nent in the glacial periods and returned in the interstages

,

with clastic marine beds "being deposited along much of the
coast. These fluctuations in sea level had a marked effect
on coastal topography, and many terraces were formed "by a

combination of wave erosion and deposition.

11. Mid-Pleistocene time was a period of intensive regional
diastrophism in which major movements occurred along faults.
These movements resulted in the breakup of highland erosion
surfaces into major blocks lying at different elevations. A
subsequent rise in sea level at the end of the Pleistocene
led to the backfilling of coastal river channels with thick
deposits of alluvium.

12. During Recent geologic time, crystalline materials have
been weathering to form residuum, highland areas have been
eroding, and, locally, deposition of river, lake, and beach
sediments has been continuing.

PHYSIOGRAPHY

The area of investigation lies within the Peninsular Range
Province, one of 11 geomorphic or physiographic provinces of
the State of California. This geomorphic province is devel-
oped on an extensive uplifted fault block that occupies the
southwestern portion of California and extends southward into
Baja California, Mexico. The portion of the geomorphic province
in the San Diego Region is approximately 80 miles in length
and averages ^5 miles in width. An additional part of the
province, whose surface expression is prominently represented
by Santa Catalina, Santa Barbara, San Nicolas, and San Clemente
Islands, lies submerged beneath the Pacific Ocean.

The San Diego Region as a whole presents an asymmetric trans-
verse profile having a long, gentle western slope and a steeper
eastern slope. Highlands are present toward the east and the
topography becomes less rugged toward the west and southwest.
On the east, the Region is separated in part from the Colorado
Desert by spectacular scarps ranging from 3,000 to 6,000 feet
in height. Most of the scarps, which are displayed en echelon,
mark the nearly parallel traces of major zones of faulting.
Flanking the western slopes of the mountains is an irregular
belt of sedimentary rocks cut by wave erosion and subsequently
veneered with marine and nonmarine deposits to form a series
of terraces and mesas along the coast.

The San Diego Region may be divided from west to east into
two major sections: (l) a coastal plain section characterized
by prominent marine wave-cut terraces, locally interrupted by
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stream channels conveying water from the eastern highlands

to the Pacific Ocean; and (2) a dissected mountain-valley

section which can he further subdivided into a central

mountain-valley area and an eastern mountain-valley area.

Coastal Plain Section

The coastal plain section, which is underlain by Tertiary
marine sediments with a relatively thin cover of Quaternary
deposits, is characterized- by a series of dissected wave-cut
terraces which extend inland from the coast for about

10 miles.

In the vicinity of Oceanside and San Diego is a series of

terraces that have been formed on gently dipping sediments

of Cretaceous, Eocene, Pliocene, and Pleistocene age. These

terraces range from near sea level to about 1,200 feet in

elevation. Many of the surface features of these terraces

have been modified or destroyed by extensive erosion.

The coastal plain section has been dissected by various rivers

which have formed a series of wide, flat-bottomed alluvium-

filled valleys that provide important ground water reservoirs.

Among the larger are the San Juan, Santa Margarita, San Luis

Key, San Dieguito, San Diego, Sweetwater, Otay, and Tia Juana

Valleys

.

The apparent closure, or necking, of the mouth of several of

these valleys may be caused by: (l) differential erosion,

for example, near the mouth of the San Luis Rey River a more

resistant formation (the San Onofre Breccia) occurs downstream

from less resistant sediments (the La Jolla Formation);

(2) deposition of stream-carried materials, which have been

accentuated by the formation of baymouth bars and, in part,

by development of various other features (for example,

Batiquitos Lagoon); and (3) a combination of both, as at the

mouth of the San Dieguito River.

Mountain-Valley Section

The mountain-valley section, which is characterized by moun-

tains and intermontane basins , makes up approximately two-

thirds of the San Diego Region and is subdivided on the basis

of topographical differences into a central mountain-valley
area and an eastern mountain-valley area.

The central mountain-valley area is bounded by the coastal

plain section on the west and by the Elsinore fault zone and

the drainage divide of the San Diego Region on the east. The
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Escondido and Vicinity, I962 California Division of Highways

A broad intermontane valley at an elevation of
about TOO feet.

smaller area of the two, the eastern mountain-valley area,
is hounded hy the Elsinore fault zone on the west and, in

part , by the San Jacinto fault zone and the drainage divide

of the San Diego Region on the east.

Central Mountain-Valley Area

Elevations of the higher peaks of this area range from

5,687 feet at Santiago Peak, the northernmost extension of

the Region, to 6,515 feet at Cuyamaca Peak, and 6,375 feet
at Mount Laguna in the southeastern portion of the Region.

The floors of alluvium-filled valleys range from about 500 to

5,000 feet in elevation in a general steplike arrangement of

alternating narrow and broad valleys. These valleys, which
are prominent in the southeastern portion of the Region, are
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probably due to multiple erosion cycles. In addition, several

larger broad intermontane basins owe their configuration to

structural control and erosion of the crystalline rocks.

The intermontane basins are generally underlain by at least

100 feet of residuum which may be covered in part by a rela-

tively thin cover of alluvial sediments. Examples of these

valleys are: (l) Ramona at an elevation of about 1,500 feet;

(2) Escondido at about TOO feet; and (3) El Cajon at about

500 feet.

Another characteristic of these intermontane basins is that

they have been bypassed by the present major westerly-flowing

Felsenmeer on Mount Woodson,
November 195^

Mel Forbes, Palomar Pictures

A sea of rocks developed on Mount Woodson Granodiorite

near Ramona.
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stream systems. The erosion cycles which have developed the

Recent alluvial valleys have modified the older intermontane

basins. As a result of diastrophism during the late Cenozoic

Era, stream piracy took place and several of the older

southward-draining stream systems were captured by younger

westward flowing streams. Examples of this stream piracy are

the San Diego River near El Capitan and the Sweetwater River

near Descanso.

Major plateau-like erosional surfaces are well developed in

the central mountain-valley area. These surfaces are usually

underlain by thick residuum and may show development of a sea

of rocks or felsenmeer (boulder field) . Regional peneplana-

tion, tilting, and faulting have accounted for the apparent

stairstep arrangement of the eroded surfaces. Successively

lower surfaces, such as those in the vicinity of Ramona,

Valley Center, Fallbrook, and Escondido, have been deeply

weathered.

In the southeastern portion of the Region, the highest plateau,

which occurs in the vicinity of Laguna Mountain, ranges from

about 5,000 to 6,000 feet in elevation. A lower plateau,

ranging in elevation from about 3,500 to 5,000 feet, surrounds

the higher plateau and extends east from the Campo area north-

westerly to the Lake Henshaw area. However, between the

Santa Ysabel and Lake Henshaw areas, the lower plateau is

interrupted by lowlands

.

Westerly and somewhat parallel to this lower plateau is a dis-

sected surface of about 2,500 to 3,500 feet in elevation.

A similar dissected plateau occurs to the north in the Santa

Margarita and Santa Ana Moiintains, and to the south lies a

graben-like structure between De Luz and Escondido.

Eastern Mountain-Valley Area

Beyond the eastern limits of the central mountain-valley area,

physiography changes quite markedly.

This area is distinguished from that previously described by

marked structural control resulting from parallel and block

faulting. In addition, its valleys are broader and flatter.

Furthermore, thick continental deposits are developed in

grabens, as in the vicinity of Temecula and Murrieta, where

the graben floor is covered with Temecula Arkose and lesser

amounts of other continental sediments. The tonalites of

the eastern mountain-valley area have weathered and eroded

to form felsenmeers similar to those in the central mountain-

valley area.
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The southern portion of the eastern mountain-valley area is

generally higher than the northern portion, vith mountains
ranging from about 5,600 feet to 6,800 feet in elevation.

These mountains rise from a plateau of approximately

3,000 feet elevation. A portion of the area, located north-

west of a line drawn through Red Mo\intain and Oak Mountain,

is generally lower in elevation than is the southeast portion.

It is probably a graben area. This rolling plateau generally

ranges from about 1,500 to 2,500 feet in elevation, with

Bachelor Mountain reaching an elevation of 2,555 feet; Oak

Mountain, 2,6ii3 feet; and Black Mountain, 3,033 feet. West

of this plateau, the Elsinore, Murrieta, and Temecula areas

lie in a northwest trending graben at about 1,300 feet in

elevation.

SOIL CHARACTERISTICS

In this report, the soils of the San Diego Region are assigned

to three major groups, depending upon the materials from which
they were formed and the processes by which they were derived.

These groups are recent alluvial, residual, and coastal plain
and old valley fill soils (Holmes and Pendleton, 1918).

Because of the prevailing mountainous character of the Region,

the soils of the residual group are the most extensive of the

three. In addition, another group of miscellaneous materials,

classified as rough stony land, forms the largest surface area.

The recent alluvial soils, which consist of materials laid

down by comparatively recent stream activities, occur on

alluvial fans, in enclosed mountain flats, or as bottom land,

in the floors of valleys . They have not undergone the aging

processes that have modified the coastal plain and old valley

fill soils. The major soil series are the Foster, Hanford,

Yolo, and Dublin, with the first two being common in the

inland valleys and the second two common to the coastal
valleys

.

The residual soils have been derived in place through the

weathering of the underlying rock material. They occur

almost entirely in the mountain-valley section of the Region.

These soils consist mainly of the Sierra and Holland soil

series

.

The coastal plain and old valley fill soils have been derived

through the weathering and modification of old unconsolidated
waterlaid (generally marine) deposits. They are associated
with the coastal plain or with the high terraces and older,

often elevated valley floors which sometimes border the

streams or valleys. They are made up largely of the Montezuma,

Redding, and Kimball soil series.
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In general, the soil designations agree with the geologic
rock types as presented in this report. The recent alluvial
soils are characteristic of areas mapped as alluvivun, but
also include some Pleistocene sediments. Residual soils are
characteristic of areas mapped as residuum and are generally-
developed on the crystalline rocks. Coastal plain and old
valley fill soils are characteristic of areas largely mapped
as pre-Quaternaj"y sediments. They also include some
Pleistocene sediments. The area classified as rough stony
land is characteristic of the mountainous areas where meta-
morphic rocks and intrusives of the Southern California
Batholith are exposed.

GEOLOGIC ROCK TYPES

Alluvium

Residuum

The various lithologic materials were grouped for this study
into five major rock types on the basis of lithologic simi-
larity, water-bearing properties (discussed in Chapter III),
geologic age, and area of occurrence (Plates 2A, 23, 2C

,

3A, 3B, and 3C). Table 1 summarizes these rock types and
relates them to names used in previous reports. The descrip-
tions of the rock types in the text and in Table 1, in general,
are presented from youngest to oldest in age.

Alluvium (Qal) of Recent age generally consists of unconsoli-
dated deposits of gravel, sand, silt, and clay eroded from
the surrounding highlands. Alluvial deposits attain their
greatest thickness (about 200 feet) in the coastal and larger
inland valleys . In the youthful V-shaped valleys and in the
broad flat intermontane areas, the alluvium is relatively
thin. Lines of equal thickness of valley fill in selected
areas are shown on Plates UA, Ub, and UC.

For this study, beach and dune sand deposits have been included
in alluvium. Along the ocean, low-lying coastal beach and dune
sand deposits occur as elongate dune ridges, parallel to the
coast. They are less important as reservoirs of ground water
than other deposits because they generally occur above the
water table. Reddish-brown ironstone concretions are scat-
tered over the surface of some of the more prominent ridges.

Residuum (Qr), a product of weathering in situ, is found
throughout much of the San Diego Region. Most of the
crystalline rocks in the Region are highly susceptible to
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TADLE 1

LITHOLOGIC CORRELATIONS IN THE SAN DIEGO REGION

Name and symbol in
this report

Name in previous reports Geologic age
Maximun

thickness

,

in feet
Description Distribution in

hydrologic units

Alluvium Qal Alluvium

Qal Dune sand

Recent 200

Recent

unconfor::ity

River, stream, and lake deposits.
Gravel, sand, silt, and clay.

1 to 11

Coastal dune sand and beach deposits 1 to 11

Residuum Qr Residuum, decomposed Recent, in 300
granite, and grus part post-

Cretaceous

Residual soils, lateritic soils,
decomposed granitic rocks, and grus.
Frequently covered by thin alluvial
deposits. Weathered in situ from
igneous and metamorphic rocks.

1 to T, 9 to 11

Pleistocene
sediments

QPU

OP^

QPn

UNCONFORMITY

Older alluvium, river Pleistocene 200
terrace, and unnamed
continental deposits

Pala Fanglomerate and Pleistocene ^00
unnamed fanglomerates

Pauba and Dripping Pleistocene 500
Spring Formations

Qpp Temecula Arkose Pleistocene 2,000

Qp-, Linda Vista Formation Pleistocene 100

QPi

QPl

Bay Point Formation Pleistocene 50

Sweitzer Formation Pleistocene 50

Nonmarine gravel, sand, and silt.

Partially cemented and weathered.

Continental, subangular boulder
deposits, derived from igneous and
metamorphic rocks.

Continental fanglomerate, sand, silt,
and clay deposits, y.ay be cemented
by iron oxide.

Continental arkosic sand with silici-
fied marl, tuff, silt, and calcareous
concretions

.

Marine (in part nonmarine) sandstone,
siltstone, and conglomerate with
abundant iron oxide concretions.

Marine sandstone, coquina, siltstone,
and conglomerate.

1 to 7, 9 to 11

2, 3, 5

2, 3

6 to 11

6 to 11

Largely nonmarine sandstone, siltstone, 6 to 11

and conglomerate, cemented with iron

oxide.

QPl Unnamed marine
deposits

Pleistocene 300 Marine sandstone, siltstone, and
conglomerate; locally has nonmarine
sedimentary cover.

1 to 11

Pre-
Quaternary
sediments, and
volcanic rocks

Tk

UNCONFORMITY

Volcanic rocks Pliocene 100 Olivine basalt flow 1 to 3

Tk Niguel Formation Pliocene

Tk Repetto Formation Pliocene

Tky San Diego Formation Pliocene 1,^400

Marine (upper part may be nonmarine)
siltstone and sandstone, locally
conglomerate.

Marine sandy siltstone with minor
amount of conglomerate.

Marine sandstone, siltstone, and con-
glomerate with tuff beds.

to 11

Tkg San Mateo Formation Pliocene 150 Marine sandstone and conglomerate.
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LITHOLOGIC CORRELATIONS IN THE SAN DIEGO REGION
(continued)

Najne and symbol in
this report Name in previous reports

: Maximum
Geologic age:thickness

: in feet
Description Distribution in

hydrologic units

Pre-
Quaternary
sediments, and

volcanic rocks

rkg Capistrano Formation Miocene

Tkc Monterey Formation Miocene

Tkc San Onofre Breccia Miocene

Tk,c Topanga Formation Miocene

1,2C0 ^:arine shale, siltstone, aod sandstone.

500 Marine siliceous shale and siltstone,
sandstone, local tuff, and conglomerate.

2,600 Marine schist breccia, with lenses of
sandstone, siltstone, and some con-
glomerate.

Marine conglomerate, sandstone, silt-
stone and tuff.

1 to It

Tkc Vaqueros Formation

Tkc Sespe Formation

Tkc Santiago Formation

Miocene

Miocene to
Eocene

2,500 Marine siltstone and sandstone.

Continental clayey sandstone, grit
conglomerate, and sandy clay.

Marine sandstone, conglomerate, and
siltstone.

Tk|. Ballena Gravels Eocene

Tkj, Poway Conglomerate Eocene

Tkj La Jolla Formation:
Rose Canyon Shale Eocene

Continental conglomerate, possibly
equivalent to the Poway conglomerate.

1,000 Continental and in part marine conglo-
merate overlain by sandstone and under-
lain by sandstone and mudstone.

1,200 Marine mudstone, siltstone, shale,
sandstone, and conglomerate with a
few thin limestone beds.

5 to 7. 9

5 to 8

1 to 6

Torrey Sand 200 Marine sandstone, coarse and poorly
consolidated.

Deljoar Sand

Tkp Martinez Formation

'I'k

Crystalline
rocks .

Granodlorltes

Tonal ites

Chlco or Rosario
Formation

Paleocene

Tkg Silverado Formation Paleocene

Cretaceous

Tkj^ Trabuco Formation Cretaceous

UNCONFORMITY

Kgr Stonewall Granodlo- Late
rite, undlfferen- Cretaceous
tlated granodlorltes,
and leucogranodlorites

Kgr, Woodson Mountain Late

Granodlorite Cretaceous

Kto Aguanga Tonal ite,

undifferentiated
tonal ites, and
quartz dlorites

Late
Cretaceous

250 Massive marine mudstone, siltstone,
shale, and sandstone.

300 Arkoslc sandstone and conglomerate 1, 2

Marine (partly nonmarinc) conglo- 1

merate, clay, sandstone, and grit.

2,000 Marine sandstone, siltstone, and 1, ** , 6, 8

conglomerate.

1,000 Continental conglomerate and sandstone. 1

Light colored; weathers to light brown
residuum

Light colored; weathers along Joints
resulting in broad felsenmeer of
rounded core stones.

Light gray color; weathers to residuum

and broad felsenmeer.

2 to 7, 9, 11

1 to 7, 9 to 11

2. 3
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LITHOLOGIC CORRELATIONS IN THE SAN DIEGO REGION
{continued

)

Name and symbol in

this report
name in previous reports

: Majcimujn

Geologic age; thickness

.

: in feet

Description Distribution in
hydrologic units

Crystalline
rocks
Tonalites

Gabbros and

diorites

Metamorphic
rocks

Kto^ Bonsall Tonalite

Lakeview fountain
Tonalite and/or La

Posta Quartz Diorite

3-1 C-reen Valley
Tonalite

ICbi San i!arcos Gabbro,
Cuyamaca Gabbro,
Viejas Diorite , and
undifferentiated
gabbros and diorites

Late
Cretaceous

Late
Cretaceous

Late
Cretaceous

Late
Cretaceous

Hybrid and undif-



continued weathering, the ferromagnesian minerals and feld-

spars are almost completely decomposed to clay minerals.

The grus then becomes a dark red-brown, sandy argillite or
lateritic residuum.

Spheroidal weathering or exfoliation of intrusive rocks pro-
duces the most noticeable weathering remnants. Chemical and
mechanical action penetrating inward from the surface results
in the formation of "core stones" surrounded by matrix of
residuum. As this residuum is removed, the core stones col-
lect on the surface as a felsenmeer.

Weathering (decomposition and disintegration) is most advanced
at the ground surface where the rocks have been completely
reduced to small particles. The degree of weathering decreases
downward to solid rock at depths generally less than 100 feet,

but in some areas more than 200 feet (Plates 3A, 3B, and 3C).

The parent materials for residuum are the crystalline rocks
(tonalites, gabbros

,
granodiorites , and metamorphic rocks).

Residuum is generally most extensively developed in the tona-
lite and gabbro terranes because they contain a higher per-
centage of ferromagnesian minerals. Moreover, the tonalites
usually contain many inclusions of older rocks which increase
their susceptibility to weathering.

On the other hand, the granodiorites are more resistant to

weathering. This is indicated by the fact that the felsen-
meer or boulder fields are more prominent in the granodio-
rites than they are in the tonalites and gabbros which, as

pointed out previously, may develop a more extensive residuum
cover.

Residuum is considered as being of Quaternary age in this

report. However, at Alberhill near Lake Elsinore reddish
residuum formed on the crystalline and metamorphic rocks is

overlain by Paleocene clayey sediments. Therefore, it is

assumed that residuum has also formed prior to Paleocene
time in the San Diego Region.

The permeability of the residuum is considered to be low to

moderate. Although the yield of wells in residuum is compara-
tively low, locally it is an important water-bearing material.

Nearly all the crystalline rock areas have at least a thin,

in part discontinuous veneer of residuum. In many of the

highland areas, the residuum lies generally above the water
table and is not a significant contributor of ground water.

Also, because of increasing cultural and agricultural develop-
ment, many of the historic water-bearing areas have been
dewatered.
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Core Stones and Residuum
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Although the yield of wells
in residuum is comparatively
low, locally it is an important
water-bearing material. Outcrops of Water-Bearing

Pala Fanglomerate

These semiconsolidated,
continental sediments
are important sources of
ground water and are
tapped by many wells

.



Temecula Arkose

Some of the wells
extracting ground
water from the
Temecula Arkose
produce in excess
of 1,500 gallons
per minute.

Rocks (See also page 32)
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San Diego Formation

Although this formation is considered to be only of

low-to-moderate permeability, nijmerous water wells

tap it as a source of supply.



Pleistocene Sediments

Pleistocene sediments (Qpi_l;) consist of a variety of materials.
These include older alluvium in the coastal area, continental
semiconsolidated fanglomerates in the Pala area, Temecula
Arkose in the Temecula-Murrieta and Warner Springs area, and
consolidated marine and, in part, nonmarine deposits (silts,
sandstones, and conglomerates) in the coastal area (see Table l)

The older alluvium (Qpi^), which is locally extensive, attains
a maximum thickness of 200 feet. It is a complex of clay,

silt, sand, and gravel, which in part is overlain by alluvium
of Recent age. Its brown to reddish-brown color indicates
the degree of weathering and cementation by iron oxides.
Older alluvium is frequently exposed as erosional remnants

in stream-cut terraces along the sides of valleys.

The semiconsolidated, continental Pala fanglomerate (QP3)
outcropping in the Pala-Pauma area has a maximum thickness
of ^00 feet. The Pauba and Dripping Spring Formations (QP2)5
which occur in the Temecula-Aguanga area, are generally
less than 500 feet thick. The Temecula Arkose (QP2)» generally
less than 2,000 feet thick, crops out in the Temecula-Murrieta
and Warner Springs areas. These Pleistocene sediments consist
of clays, silts, sands, gravels, and minor calcareous deposits.

The Linda Vista Formation (Qp^), Bay Point Formation (QP]_),
and related unnamed marine and, in part, nonmarine deposits
consist of sandstones, siltstones, and conglomerates. These
largely consolidated deposits, which occur in the coastal
plain, are generally less than 300 feet thick. They have
been subject to several periods of marine deposition and
marine wave erosion during the Pleistocene Epoch as evidenced
by a series of coastal terraces. The terraces extend inland
as much as 8 miles in the vicinity of the City of San Diego,
narrowing to less than 1 mile in the vicinity of Laguna Beach.

Pre--Quaternary Sediments and Volcanic Rocks

The pre-Quaternary sediments and volcanic rocks (TK1-7I con-

sist of many lithologic formations, varying from the Pliocene
San Diego Formation to the Cretaceous Trabuco Formation
(Table l)

.

This unit, although largely confined to the area T to 12 miles
from the coast , extends 20 miles inland from La Jolla to the
vicinity of San Vicente Reservoir. Tertiary marine sediments.
Eocene to Pliocene in age, are the predominant rocks occurring
in this unit. They include siltstone, sandstone, conglomerate,

shale, mudstone, and breccia.
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These sediments attain a maximum thickness of 2,500 feet or more
in the Miocene San Onofre Breccia and Vaqueros Formation.

Other major formations, with comparable thicknesses, are the

San Diego (l,U00 feet), Capistrano (1,200 feet), Poway

Conglomerate (1,000 feet). La Jolla (1,650 feet), Chico or

Rosario (2,000 feet), and Trabuco (1,000 feet).

The Pliocene San Diego Formation (TK^), exposed largely south

of the San Diego River, is principally marine in origin. This

formation, which underlies or caps the mesa areas, consists of

sandstone, siltstone, and conglomerate, along with some vol-

canic tuff beds, all of which vary in thickness. Very coarse-

grained sands and well-bedded cobbles and boulders are found

at the base of some sections. Although this formation is

considered to be only of low-to-moderate permeability, water

wells penetrate it to depths of more than 1,000 feet.

The marine Miocene (in part, early Pliocene) Capistrano and

San Mateo Formations (TKg), exposed in the northwestern portion

of the Region, consist largely of sandstone, siltstone, and

shale, along with some gypsiferous deposits. Northwest of

Arroyo Trabuco Creek, the sediments grade laterally into a

white massive sandstone. Near the mouth of San Mateo Creek,

the Capistrano Formation is masked by kO to 80 feet of Recent

alluvium. The finer sediments are relatively impermeable and

generally nonwater-bearing, whereas the coarser sediments may

locally be water-bearing.

The San Onofre Breccia (TK^) of Miocene age consists of a

well-cemented schist breccia with lenses of sandstone, silt-

stone, and some conglomerate. This resistant formation is

exposed in the northern coastal portion of the San Diego

Region as an elongated band averaging 2 miles in width.

Although the San Onofre Breccia is considered to be relatively

impermeable and not capable of transmitting appreciable amounts

of water, small flows are obtained from springs.

Other significant Miocene sediments are the Monterey, Topanga,

and Vaqueros Formations (TK5), all of which occur in the north-

western portion of the study area. These formations, marine

in origin, consist largely of sandstone, siltstone, conglom-

erate, tuff, and shale, possibly intercalated with gypsiferous

beds. These sediments are generally impermeable and essen-

tially nonwater-bearing, although locally water might be

obtained from the coarser phases. Several dry holes have been

drilled to depths of between 6OO and more than 1,000 feet in

the Monterey Formation.

The Eocene Poway Conglomerate (TKi^), about 1,000 feet in

maximxim thickness, occiirs largely in the central to southern

coastal portion of the San Diego Region and overlies the
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Poway Conglomerate

Some production is obtained from the Poway Conglomerate,
but yields from wells have been highly variable.
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La Jolla Formation

The La Jolla Formation has been drilled extensively, although
amounts of water produced have been generally small to moderate.



La Jolla Formation. To the east, the Ballena Gravels (TK^),

possibly correlated with the Poway Conglomerate, occur as

erosional remnants of old river gravels overlying the

crystalline rocks. This conglomerate, mostly of continental

origin, is composed of pebbles and boulders largely from

volcanic rocks. The conglomerate facies changes in thickness

and in places it is overlain and underlain by thick sections

of mudstone and sandstone, in part marine in origin.

The Eocene La Jolla Formation (TK3), consisting of the Delmar

Sand, Torrey Sand, and Rose Canyon Shale, occurs extensively

in the coastal portion of the San Diego Region. It uncon-

formably overlies the Cretaceous sediments and crystalline

rocks. The lowest member, the Delmar Sand, is a multicolored

sandstone with beds of sandy shale. The Torrey Sand, over-

lying the Delmar Sand, consists of a light to reddish-colored,

clean, massive crossbedded sandstone. The Rose Canyon Shale

(the upper member) is a gray to brown, thick series of mud-

stone, siltstone, sandstone, and conglomerate strata. Locally,

it contains intercalated gypsum beds. The coarser sediments

of the La Jolla Formation are moderately permeable and, where

situated below the water table, may be water bearing.

The Cretaceous marine Chico or Rosario Formation (TK^) is

exposed in the Point Loma-La Jolla area, and it is exposed

even more extensively along the inland coastal portion from

San Onofre Creek to the Trabuco Canyon area where the non-

marine Trabuco Formation (TK-j^) is also to be found. The

basal member of these Cretaceous rocks is a reddish-brown

conglomerate which is overlain by a series of interbedded

sandstone, siltstone, and mudstone strata along with

conglomerate beds.

Crystalline Rocks

The crystalline rocks underlie and are exposed throughout

most of the San Diego Region. They include granodiorites

,

tonalites, gabbros and diorites, and metamorphic rocks.

Granodiorites

The granodiorites, of which the Woodson Mountain granodiorite

(Kgrj) is the most widespread, form a major portion of the

Southern California Batholith. These crystalline rocks

largely occur in a broad, discontinuous, irregular, northwest-

trending strip from Tecate on the south to the Wildomar area

on the north. The granodiorites, which are resistant to

weathering, form some of the most prominent hills and moun-

tains of the San Diego Region.
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The granodiorites are generally lighter colored than the
other major "bodies of crystalline rocks. In general, they
are massive, medium-to coarse-grained, light-gray granitic
rocks which consist predominately of quartz, plagioclase,
orthoclase, and "biotite. Where nearly devoid of dark min-
erals, the granodioritic rocks are called leucogranodiorites

.

These rocks weather and decompose to various depths and
degrees; however, the residuum so formed is not as deep or

extensive as that characteristic of the tonalites. As a

result of weathering along the major joint planes, huge
houlders up to 10 to 20 feet in diameter have been formed.
In areas of low relief, scattered in situ "boulders may rise
ahove the soil to form a felsenmeer. On steeper slopes, the
"boulders are piled one on the other so as to resemble immense
rockpiles.

Tonalites

The Bonsall (Ktoo), Lakeview Mountain (Kt02), and Green "Valley

(Kto2^) Tonalites are the most widespread and prominent intru-
sives in the San Diego Region. They occur in the mountainous
areas in wide, interrupted, discontinuous bands, from the
southeast portion of the San Diego Region to its northernmost
limit. Deeply weathered exposures of the tonalites underlie
some of the relatively flat erosional surfaces and intermon-
tane basins, such as the Fallbrook, Valley Center, and
Escondido areas.

Tonalites are generally mediurn-grained, light gray rocks con-
sisting essentially of plagioclase, quartz, hornblende, augite

,

and biotite. The Bonsall Tonalite differs from the other
tonalites in that it contains abundant dark inclusions. The
Green Valley Tonalite, much darker than the Bonsall Tonalite
(because of a larger amount of mafic minerals), characteris-
tically forms deeply weathered lowlands and hilly topography.
On the other hand, the Lakeview Mountain Tonalite, which is

lighter in color than the Bonsall Tonalite, forms mountains
or plateaus covered with boulders and grus

.

The tonalites characteristically weather to greater depths
than do the other rock types, and in many areas form a residuum
cover at least 100 feet thick. Disintegration occurs with a

slight breakdown of the minerals and results in a friable grus
matrix (decomposed granite). With more extensive weathering,
further decomposition of the rock results in a reddish-brown
lateritic , clayey mixture with resistant mineral grains.

Outcrops of tonalite are usually in the form of boulders of
disintegration (core stones), which average several feet in
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CORE STONES of Green Valley

Tonalite atop hills

above Escondido

.

diameter. In road cuts, these boulders appear to be widely-

scattered within the grus. The felsenmeer formed by the

tonalites is generally not as prominent or extensive as that

developed from the granodiorites

.

Gabbros and Diorites

This group (Kbi), which includes the San Marcos and Cuyamaca

Gabbros, Vie j as Diorite, and other similar undifferentiated

basic intrusive rocks, occurs in places throughout much of

the San Diego Region. The gabbros and diorites, generally

in areas of 1 to 5 square miles, occur intimately with the

older metamorphic rocks. These rocks occur as scattered

remnants or roof pendants within the more extensive and

younger intrusive bodies of granodiorite and tonalite.

Although the texture and mineral composition of these rocks

^

vary, mountains underlain by them generally have a distinctive,

broad-based, somewhat conical form. Their smooth slopes are

covered with a deep reddish-brown residuum which supports a

dense growth of brush. Outcrops are usually massive and form

some of the more rugged mountains, as in the San Marcos and

Pala areas, while less resistant exposures occur in areas of

low relief.

These rocks, usually dark gray to black and fine- to medium-

grained, consist of 60 to 70 percent plagioclase with variable

amounts of hornblende, augite, hypersthene, and olivine.

Most gabbroic rocks weather readily, forming a deep reddish-

brown lateritic residu\am near the surface which becomes more

granular with depth. Consequently, the residuum, which fre-

quently extends to depths of 100 feet, may contain large,

permeable, water-bearing zones. Locally, joints and fractures

may also be water bearing.
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Metamorphic Rocks

The metamorphic rocks (M]__3) include hybrid (mixed) and undif-
ferentiated rocks (M3) , the Santiago Peak (M2) and Black
Mountain Volcanics (M2), the Bedford Canyon Formation (Mg),

and the Julian Schist (M-^) . These metamorphic rocks occur
as two irregular, wide bands which roughly parallel the pre-

dominant northwesterly structural trend of the Peninsular
Range geomorphic province. Of these two bands, which are

largely separated by the intrusive rocks of the Southern
California Batholith, the westernmost generally consists of

mildly metamorphosed formations which are terminated by an
onlap of Tertiary marine sediments. The highly metamorphosed
rocks in the other band occur along the roof of the batholith
as pendants or inclusions.

The hybrid and undifferentiated rocks, which consist largely
of injection gneisses and associated intrusive rocks, are

discontinuously exposed in the mountain-valley section of the
Region. The most extensive outcrops occur in the area tribu-

tary to the headwaters of the San Diego River.

The Bedford Canyon Formation, containing metasedimentary rocks
of Triassic and/or Jurassic age, occurs along the western
flanks of the Southern California Batholith. These rocks
consist largely of mildly metamorphosed argillites , slates,

and feldspathic quartzites, which are unconformably overlain
by metavolcanics of the Santiago Peak Volcanics and their
southerly equivalent, the Black Mountain Volcanics. The
metavolcanic rocks consist chiefly of agglomerates, breccia,
tuffs, and flows that most commonly range from andesite to
quartz latite with lesser amoimts of interbedded clastic
sedimentary rocks. This irregular belt of metavolcanic rocks
generally occurs several miles inland of the coast in the
southern area and extends northwesterly to the rugged mountains
at Santiago Peak.

The Julian Schist, although not as extensive as the other
metamorphic rocks , forms in the eastern part of the Region
a prominent, narrow elongate, discontinuous band, which con-
sists largely of a series of quartz-mica schists and quart-
zites. The Julian Schist occurs as a northwesterly trending
irregular strip between the other crystalline rocks.

STRUCTURAL GEOLOGY

A complex system of nearly parallel faults trending northwest
is the most prominent structural feature of the San Diego
Region. Much of the topographic expression of the Region can
be attributed to fault activity. The major faults in the
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Region are the Elsinore, Agua Caliente, and San Jacinto fault
zones (Plate 2A). The San Jacinto fault zone occurs in the
northeasternmost part of the Region. The Elsinore fault zone

extends through the Teiuecula-Murrieta area along the south-
western face of the Agua Tibia and Palomar Mountains. The
Agua Caliente fault zone, which passes through Warner Springs,
is one of the major parallel faults between the Elsinore and
San Jacinto fault zones. Other major northwest trending
parallel faults are the Aguanga and Hot Spring faults.

In the coastal region, the Christianitos fault extends south
from Orange County into the San Mateo-San Onofre eirea

(Plate 2k). Other faults (Plate 2B) have been mapped in the

coastal area but are usually only of local significance. The
sediments in the coastal area show little or no folding and
dip westward at a low angle.

The topographic expression of the major fault zones is recog-
nized by elongate parallel valleys and/or steep escarpments.
However, the trace of some of these faults has been buried,
in part , by large masses of slope wash and landslide material
as in the Murrieta-Temecula area. In addition to the major
faults , there are also numerous minor faults in the crystal-
line rock areas which are difficult to delineate.

The general drainage pattern of the Region appears to be almost
rectajigular: that is, both the main stream and its tributaries
display right-angle bends. This can be interpreted as an indi-
cation of fault control. As a general rule, there are always
many more minor fault features than major ones, and there are
many more minor drainages than major drainages. Therefore,
assiiming that fault patterns influence stream courses, the
orientations of drainage lines should be indicative of the
previously mentioned minor faults. On this basis, measure-
ments of the strike (in direction of flow) of about l80 drain-
age lines were made, the results of which are shown on
Figure 3. This diagram indicates the presence of two drainage
line orientations in contrast to the Elsinore fault zone and

associated parallel faults: (l) a northeast-southwest trending

system that is approximately at right angles to the strike of

the Elsinore fault zone; and (2) a nearly east-west trending
system at about ^5 degrees to the strike of the Elsinore fault

zone. The first orientation is thought to reflect part of the

original drainage pattern of the Region, which developed on

primary fractures associated with the regional stress pattern
that formed the Elsinore fault zone. The second orientation
represents the consequent drainage pattern that formed on the

westward tilted sediments of the coastal plain. These westerly
flowing streams have captured the drainage of the original
southwest flowing streams to form the present-day drainage
pattern as shown by the San Diego and Sweetwater Rivers. On
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the other hand, part of the original drainage that formed

parallel to the Elsinore fault zone still remains as shown

by Temecula and Murrieta Creeks.

Thus, Figure 3 shows an interesting structural pattern in the

San Diego Region that is made up of the northwest-southeast
trending major faults and associated northeast-southwest
trending fractures. This structural pattern in crystalline

rocks indicates possible sites for water wells. This is

because a major criterion for the occurrence of water in any
crystalline rock is the presence of a large number of openings.

On this basis, the intersection of northeast trending fractures
with the northwest trending major faults would appear to be a

likely place to drill for water.

note: 1 PREDOMINANT NORTHEAST-SOUTHWEST TRENDING SYSTEM

Z PREDOMINAhTT NEARLY EAST-WEST TRENDING SYSTEM

1^ PERCENT OF DRAINAGE LINES FALLING WITHIN A GIVEN ORIENTATION

Figure 3.- DIRECTION OF DRAINAGE LINES IN THE SAN DIEGO REGION
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CHAPTER III. WATER SUPPLY

Cultural development of the San Diego Region began in 1769
with the founding of Mission San Diego de Alcala by the
Franciscan Fathers near the present City of San Diego. This
was nearly coincident with the initial development of the
water resources of the area. As early as l8l3, the Franciscaji

Fathers built a reservoir on the San Diego River and conveyed
water 6 miles downstream to the mission. Much of the masonry
dam and parts of the masonry-lined conduit are still standing.

In 1850, the year California was admitted into the Union, the
City of San Diego was incorporated. The first successful
organized effort to provide a water supply for the city began
with the incorporation of the San Diego V/ater Company in l873.
A well, 10.5 feet in diameter and I60 feet deep, was dug in
187^ near the mouth of Cabrillo Canyon in what is now Balboa
Park. From this well, the first water deliveries were made
by the San Diego Water Company. From I887 to 192^, many
reservoirs, such as Cuyamaca, Morena, Otay, and Wohlford,
were built.

Since the turn of the century, intense activity in ground and
surface water development has taken place in the San Diego
Region. In recent years, much of the Region has become a

rapidly developing urban-suburban area. This rapid urbani-
zation has lead to a steadily increasing demand for depend-
able supplies of usable water.

The primary uses of water in the San Diego Region are for
domestic, industrial, and agricultural purposes. In the area
serviced by the San Diego County Water Authority, roughly the
western one-half of the San Diego Region, the water production
per capita for urban uses during the fiscal year 1963-6U, was
about O.lU acre-foct , and for agricultural purposes it was
approximately O.O6 acre-foot. In recent years, the ratio of
domestic and industrial use to agricultural water use has
remained at about two to one, and the increases in water use
for agriculture have kept pace with the increasing demands
of urban-suburban uses.

PRESENT SOURCES OF SUPPLY

The principal sources of water in the Region are precipitation,
runoff, ground water, and imported water. The amounts con-

tributed by each depend upon population density, geography,
and climatological conditions. This section deals with the
development of these sources and their contributions to the
supply. The long-term mean periods referred to in this report
were selected from DWR Bulletin Nos. 112 and 130-6U.
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50-YEAR MEAN ANNUAL PRECIPITATION
1897-98 THROUGH 1946-47, 10 37 INCHES

PRECIPITATION YEAR JULY 1 JUNE 30

Figure 4 - REPRESENTATIVE PRECIPITATION CHARACTERISTICS FOR SAN DIEGO

DEPARTMENT OF WATER RESOURCES. SOUTHERN DISTRICT. 1966
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Precipitation and Surface Water

Precipitation in the San Diego Region is extremely variable,
both geographically and seasonally. The mean annual precipi-
tation (Plate 5) varies from approximately 10 inches near the
coast to more than k^ inches in the Palomar Mo\intain area.

An example of the wide variation in annual precipitation may
be seen in Figure h. At San Diego, the annual precipitation
has ranged from about 3 to more than 26 inches for the period
of record, I85O-5I through I963-6U. The general deficiency
of precipitation at San Diego since the mid-19^0's is indic-
ative of the general lack of precipitation throughout much
of the Region. This precipitation deficiency has had an
important bearing on the amount of runoff and therefore, the
Region's local water supply.

Runoff in the San Diego Region results mainly from rainfall.
The melting of snowpack also contributes small additional
amoiints of runoff as do springs.

The major streams draining the coastal section of the San Diego
Region include San Juan Creek and the Santa Margarita, San Luis
Rey, San Dieguito, San Diego, Sweetwater, Otay, and Tia Juana
Rivers. Their valleys are generally characterized by wide,
flat, gently sloping floors, bordered by very steep slopes or
bluffs several hundred feet high. Their streams have head-
waters reaching far back into the highland areas.

There has been a long-term reduction in the amount of runoff
produced by these streams as shown by the exajnple in Figure 5

for Santa Ysabel Creek at Sutherland Dam. The deficiency of
runoff that began in the mid-19^0's coincides approximately
with the deficiency of precipitation shown in Figure h.

However, it should be noted that a moderate increase in pre-
cipitation would not cause an immediate increase in runoff.
This is because of a lack of moisture in the ground — a lack
that exists both in the alluvium of the valleys and in the
relatively thin but widespread residuum in other parts of

the drainage areas. Therefore, any moderate increase in pre-
cipitation would tend to be absorbed, at first, in the allu-
vium and residuum before it produced any appreciable runoff
and storage in the surface reservoirs.

The mean runoff for the 20-year drought period 19^^-^5 through
I963-6U at three selected stations (Table 2) further emphasizes
the lack of runoff throughout the Region. As can be seen from
this table, the mean runoff for the 20-yeaj* period was less
than Uo percent of the estimated 53-year mean (l89'*-95 through
19^6-i+7)- Consequently, as indicated, there has been a serious
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TABLE 2

ESTIMATED AJ.'NUAL RUNOFF AT

SELECTED STATIONS IN THE SAN DIEGO REGION

FOR 19liU-U5 THROUGH 1963-61*



However, in many areas in the San Diego Region, such as the
Temecula-Murrieta area and Pala-Paiima Valleys, ground water

is currently the only supply of water for domestic and irri-

gation purposes. Elsewhere, small domestic wells are the

only source of supply for the isolated or small rancher.

In other areas, such as Escondido, ground water is used to
supplement supplies from other sources.

Occurrence

Ground water is found throughout the San Diego Region in

variable quantity and quality. Most of the readily extract-
able ground water is obtained primarily from reservoirs con-

sisting of alluvium and Pleistocene sediments. Smaller
quantities of ground water are also found in the pre-Quaternary
sediments, residuum, and crystalline rocks. The amounts of

ground water available in various portions of the Region depend
upon geologic and hydrologic conditions that will be discussed
in the following sections.

TABLE 3

WATER IN STORAGE IN I<'AJOR RESERVOIRS
IN SAN DIEGO REGION



Barrett Dam and Reservoir
November 15, 1937

City of San Diego

Surface waters were a major sovirce

of supply for the San Diego Region.

Alluvium and Pleistocene Sediments . Unconsolidated alluvial

deposits, which fill the river valleys, constitute by far,

the most abundant source of ground water. However, in comparison

with other major rock types in the Region, they are of limited

extent

.

The alluvium is generally moderately to highly permeable. It

is recharged principally by deep penetration of direct rainfall,

percolation of streamflow originating in the watershed, return

flow from applied water, and underflow from adjacent areas. A

general lack of precipitation and overpumping of the ground

water reservoirs, as in the San Dieguito, Tia Juana, and San

Luis Rey River Valleys (Plate 7), have caused a reversal of

the historic seaward hydraulic gradient resulting in sea-water

intrusion and migration of connate waters. Therefore, the

usefulness of the alluvium as a source of ground water in many

coastal areas has been diminished as a consequence of the

impairment of the ground water quality.
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Small Well with Pressure Tank

Locally, small domestic wells are the only source

of supply for the isolated or small rancher.

The older alluvium is usually exposed as erosional remnants
in stream-cut terraces along the sides of valleys. It is

principally recharged hy deep penetration of direct rainfall
and percolation of streamflow originating in the watershed.
Older alluvium is generally considered to be moderately
permeable and a good source of ground water where it is not
cemented or elevated above the water table.

The continental sediments which occur in the Pala-Pauma

,

Temecula-Murrieta, Warner Springs, and Aguanga areas are
important sources of groimd water and are tapped by many
wells. These sediments (Pala Fanglomerate, Pauba and Dripping
Springs Formations, and Temecula Arkose) have coarse-grained
phased that are moderately to highly permeable and fine-grained
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phases, which have low to moderate permeability. Recharge
of these sediments is principally from deep penetration of
direct rainfall, runoff, and return irrigation waters, and
from underflow from adjoining areas. The continental sedi-
ments are generally a good source of ground water. Some of
the wells extracting ground water from the Temecula Arkose,
for example, produce in excess of 1,500 gallons per minute.

The Linda Vista and Bay Point Formations and related unnamed
Pleistocene marine and nonmarine sandstones, siltstones, and
conglomerates generally occur in the coastal plain. They
are usually less than 300 feet thick. As a rule, these sedi-
ments usually occur above the water table and are generally
nonwater bearing. Permeability is variable and, where cemen-
tation by iron oxides has occurred, the sediments are relatively
impermeable. In general, however, rocks of this group readily
permit percolation of rainfall and runoff to the underlying
sediments

.

Pre-Quaternary Sediments . The major water-bearing Tertiary
sediments are the San Diego and La Jolla Formations and, to
a lesser degree, the Poway Conglomerate. The most favorable
source of water in these rocks is the coarser strata. Recharge
is mainly from direct percolation of rainfall and runoff and
from percolation of water from overlying or adjacent permeable
sediments

.

Wells in the San Diego Formation are generally deep, with some
penetrating to depths of more than 1,000 feet. The La Jolla
Formation has been drilled extensively, although amounts of
water produced have been generally small to moderate. Some
production is also obtained from the Poway Conglomerate and
Capistrano and San Mateo Formations, but yields from wells
have been highly variable.

Crystalline Rocks and Residuum . The water-bearing character-
istics of crystalline rocks depend on the degree of weathering,
the presence of fracture and joint patterns, the structure,
and the rock type. Unweathered and unfractured crystalline
rocks generally have a porosity of less than 1 percent and a
permeability so small as to be almost negligible. In the
San Diego Region, however, these rocks usually display a well
developed joint and fracture pattern. This enhances the rate
and degree of weathering.

The weathered product, called residuum, is found to some
degree in the crystalline rock areas throughout much of the
San Diego Region. It is discussed in this section because
of its inseparable relation with the parent crystalline rock.
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Depending on the extent of weathering (decomposition and
disintegration) , varying quantities of ground water can be

stored within the interstitial openings of residuum. Its

permeability is considered to be low and, although the yield
of wells in residuum is comparatively small, it is locally
an important source of water.

Principal recharge of residuum is by deep penetration of
direct rainfall and percolation of streamflow originating in

the watershed. However, in many of the highland areas, the
residuum lies generally above the water table and is not a

significant contributor to the ground water supply.

As discussed in Chapter II, the particular rock type is an

important factor in determining the degree and depth of

weathering. This, in turn, affects the water-bearing proper-
ties of the residuum. On this basis, assuming that all other
factors are held constant, the residuum of the different rock
types can be ranked according to the probability of obtaining
reliable yields of water for individual domestic users. In

decreasing order, they are generally tonalite, metamorphic
rocks, gabbro, and granodiorite.

Tonalite, which has the largest areal ex cent of the crystalline
rocks, is an even-grained rock that weathers to a friable sand-
like soil with scattered boulders. The interstitial openings,
resulting from the volume changes accompanying weathering,
provide spaces for ground water.

Few problems are encountered in drilling, because this residuum
is uniform and soft. Although wells in the residuum from other
rock types may yield more water, the tonalite residuum is prob-
ably the most consistent producer.

The physical properties of metamorphic rocks are variable,
but many of the rocks are schistose or slaty and have innu-
merable closely spaced joints. These properties, as well as
the general absence of clayey alteration products, increase
the permeability and storage capacity of the residuum from
these rocks. However, the yield of water from this residuum
is highly erratic and the success of a well depends largely
upon local conditions and the particular metamorphic rocks
involved. Although the metamorphic rocks may weather deeply,
drilling may be difficult because of hard, slaty bands and
quartzitic interbeds.

Most gabbros weather deeply. The resulting residuum is simi-
lar to that developed in tonalite, except that it is less
uniform and may contain hard zones. The granodiorites gener-
ally have joints and fractures that are more widely spaced
than those in the other crystalline rocks. This, plus the
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fact that its weathering products are usually clayey, makes

residuum from granodiorites generally an unreliable soiarce

of ground water.

In recent years, a general lowering of water tables has taken

place because of increased pumping and a lack of precipitation.
This has caused many wells in the residuum to go dry. To

maintain the local domestic supply, the number of wells being
drilled into unweathered crystalline rocks has increased.

Even so, in some areas, as southeast of El Cajon, thick
accumulations of residuiom and fractured crystalline rock are

still yielding significant quantities of water.

The fractures and joints in crystalline rock, which extend to

considerable depths below the weathered zone, are capable of

accumulating large quantities of water that can move through

these openings. Recharge is by direct precipitation and run-

off from adjoining areas.

The wells in crystalline rock yield from less than 1 up to

about UOO gallons per minute, depending upon the extent of

fractures and joints, and the number of laterals (horizontal

collectors) drilled. The average depth of a well in crystal-

line rock is roughly 200 to 250 feet, with some wells extending

to 600 feet. Average cost of these wells is $2,000 to $2,500,
but costs as high as $10,000 are not uncommon.

Water Levels

In general, the water table in the Region occurs at depths

less than 50 feet below the ground surface, and in many areas,

less than 25 feet below the surface (Plates 8A, 8B, and 8C).

There are local exceptions, such as in the Pala and Pauma

Valleys, the Murrieta area, and the inland portion of the

Tia Juana and San Luis Rey Rivers, where the ground water

levels are 75 feet to more than 100 feet below the surface.

As may be seen in Figure 6, water levels at selected wells

have decline approximately 30 to TO feet since 19^5- This

decline in water levels appears to be generally related to

the decline in precipitation, coupled with an increased use

of ground water due to population growth (Figure h) , which

has resulted in a reduction of water in storage. Topography

also is a major factor influencing the level of the water

table. For example, depths to water in the mesa areas of the

Tia Juana River Valley are greater than 500 feet because of

their position relative to the floor of the river valley. In

addition, the water table generally reflects, in subdued form,

the configuration of the ground surface because of the influ-

ence of topography on recharge and movement. Man's activities.
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as evidenced by overpumping, have also affected water levels

and resulted in an overdraft of the ground water reservoirs.

In some of the alluvium-filled coastal valleys , water levels

have been drawn down as much as 50 feet below sea level with

resulting sea-water intrusion and connate-water invasion

(Plate T).

The general lowering of water levels in the Region has resulted

in increased costs of well drilling and ground water extrac-

tions. In particular, the unit cost of obtaining ground water

in many areas has increased because of drilling deeper wells

in residuum or because of increased drilling in fractured and

jointed crystalline rocks.

Well Production

Ground water production or yield by wells in the major allu-

vial valleys of the San Diego Region depends primarily on the

capacity of the water-bearing materials to transmit water,

thickness of the water-bearing strata, and physical charac-

teristics, number, and distribution of water wells.

An important consideration affecting the yield of wells in

residuum is the development of laterals (horizontal collectors).

The primary purpose of these lateral drill holes is to increase

the flow of water to the vertical well. Wells with laterals

produce the largest yields when they penetrate residuum of

considerable depth and when they are situated in favorable

topographic positions.

Generally, the yield of wells in the crystalline rocks is

small with a large percentage of those drilled failing to

intersect water-bearing fractures. The most favorable sites

for hard rock wells is where drainage from surrounding slopes

can supply sufficient recharge to the rock fissures.

A general summary of the rate of initial well production of

ground water from: (l) alluvium and Pleistocene sediments,

(2) pre-Quaternary sediments, and (3) residuum and fractured

crystalline rocks is shown in Figure T. The percent of wells

within a range of production for a given rock type is obtained

by dividing the number of wells within this range by the total

number of producing wells. Figure T is based on the rate of

initial production from approximately 200 wells and is con-

sidered to be representative of the Region.

As is shown, wells drilled in alluvium and Pleistocene sedi-

ments or in pre-Quaternary sediments have had initial produc-

tions that ranged from nearly zero to more than 1,000 gallons

per minute. However, according to the records of wells drilled.
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alluvium and Pleistocene sediments more often have yielded
the larger amounts , while the pre-Quaternary sediments have
had a lower, more variable initial production.

Wells drilled in residuum and fractured crystalline rocks
show a narrower range of initial production than the other
rock types. The data indicate that residuum would be an
unlikely source for a continuous supply of water sufficient
for extensive irrigation or major domestic purposes. More
than 65 percent of wells drilled in residuiJim and fractured
crystalline rocks fell within the production range of nearly
zero to 25 gallons per minute. Nonetheless, the residuum is

a good source of water (assuming sufficient recharge and
proper development of wells) for local domestic uses.

Imported Water

The coastal section of the San Diego Region, excluding Camp
Pendleton, relies essentially on imported water as a source

z
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San Diego County Water Authority

Construction of
Second Barrel of
First Aqueduct

,

1953 1

of supply and derives only minor
amounts from local production.
Generally speaking, the local water
supply, even under ideal conditions,

is a limited source. With increasing
demand, importation of water becomes
unavoidable if growth in the San Diego
Region is to continue.

In November 19^7, the first barrel of

the First San Diego Aqueduct commenced
to deliver Colorado River water. It

was constructed by the U. S. Navy as

an emergency measure to meet the
increased demand for water caused by
accelerated population growth which
accompanied the rapid expansion of

military and industrial facilities
during World War II. In 195^, the
second barrel was completed, bringing
the total capacity of the first aque-

duct to 196 cubic feet per second.

Ownership and operation were then

assumed by the San Diego County Water
Authority.

Increasing demands for water necessi-
tated the construction of the first

barrel of the Second San Diego Aqueduct

by The Metropolitan Water District of

Southern California and the San Diego
County Water Authority. This barrel,

with a capacity of 250 cubic feet per

second, was completed in I96O. The
combined capacity of both aqueducts

is UU6 cubic feet per second; however,
projections of needs by the San Diego
County Water Authority indicate that

a second barrel of the Second Aqueduct

,

with a capacity of U30 cubic feet per

second, will be needed by about 1970.

In southern Orange County, San Juan Capistrano and San Clemente

started receiving deliveries of imported Colorado River water

from the member municipalities of the Metropolitan Water
District between April and June I96U. In the upper reaches
of Arroyo Trabuco, importation of Colorado River water began

in July 196U as a supplement to the local supply.

A summary of imported and local water production is shown in

Table h. The increase in the amount of imported water and
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the relative reduction in local production may be readily

seen. For the fiscal year 1963-6U, about 233,800 acre-feet

of Colorado River water were imported, and from 19^7-^8

through 1963-6^1, a total of about 2,0^3,100 acre-feet had

been imported into the Region. Local production in the area

serviced by the San Diego County Water Authority amounted to

only about 10 percent of the water supply. But for the whole

Region, local sources made up about 20 percent, or 56,700

TABLE h

ESTIMATED LOCAL AND IMPORTED WATER PRODUCTION
IN SAN DIEGO REGION

In acre-feet

Fiscal year
Sales of

Colorado
River water

Local
production*

Total
supply

Local
production,

:as percent of
: total supply

19^+7-^+8



acre-feet, of the total supply for the fiscal year I963-6U,

as compared to 72 percent, or 105,600 acre-feet, for 19^7-1+8.

However, it should be noted that approximately one-half of

the local production for 1963-6U was obtained from southwest

Riverside County and southeast Orange County — an area which

contains less than 5 percent of the total population of the

San Diego Region.

Santee Project,
May 1965

Photograph by B. A. Gustafson
for U. S. Public Health Service

The Santee County Water District operates a planned reclamation
system of several small lakes which are used for recreation.
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POTENTIAL SOURCES OF SUPPLY

Potential sources of water, in addition to Colorado River
water, runoff, and ground water, are reclaimed waste water,
desalinized sea water, and water imported through the State
Water Project.

The waste water treatment facilities in the San Diego Region
discharged about 83,700 acre-feet of effluent during the fiscal
year 1963-6^+ (DWR report on "Quantity, Quality, and Use of
Waste Water in Southern California", April 1966). Of this
total, ahout 67,900 acre-feet were discharged to the ocean
and the remainder inland. Approximately 15,300 acre-feet of
the water discharged inland were reclaimed during 1963-6^;
of this quantity ahout one-half was planned reclamation. In
many cases, it was "involuntary reclamation", with waste water
commingling with water from other sources, as in lakes, streams,
or percolation to the ground water reservoirs.

An example of the potentialities of planned waste water recla-
mation may he seen at Santee, within the drainage of the
San Diego River. Here, the Santee County Water District
operates a planned reclamation system of several small lakes
which are used for recreation. DWR Bulletin No. 80-2

,

"Reclamation of Water from Wastes in Coastal San Diego County"
(Preliminary Edition) February I966, is a report on the feasi-
bility of reclaiming waste water for beneficial uses in coastal
San Diego County.

Another potential source of water is desalination. A plant,
in part financed by the Department and operated on an experi-
mental basis, was dedicated March 10, I962, at Point Loma.
This plant, while in operation, supplemented the City of
San Diego's water supply. It had a capacity of one million
gallons per day. In June IS^k, the Point Loma plant was
dismantled and shipped to Guantanamo Naval Base, Cuba.

With the passage of the Cobey-Porter Saline Water Conversion
Bill and a companion bill in I965, the Department was enabled
to cooperate with the U. S. Office of Saline Water in planning
the San Diego Saline Water Test Facility. This facility will
be constructed in Chula Vista on San Diego Bay in two phases.
Phase I , which will replace the dismantled Point Loma plant

,

is scheduled to go into operation in the early stumner of 1967-
It will consist of a one-million-gallon per day advance design
flash distillation plant. Phase II will consist of test facil-
ities which will produce up to three million gallons per day.
It is scheduled for completion one year later and will be used
for the testing of full-scale modules and components of saline
water conversion plants. This water will be delivered by the
Department to a local water entity for distribution.
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Point Loma Desalinizing Plant,
March 1962

California Division of Highways

While in operation, the plant supplemented
the City of San Diego water supply.

A future source of supply for the San Diego Region is Northeri.

California water via the State Water Project. The Metropolitan
Water District of Southern California has contracted with the

State of California for a maximum annual entitlement of

2,011,500 acre-feet from the State Water Project. The San

Diego County Water Authority, a member of the Metropolitan
Water District, will receive supplemental water from this

source in 1972. This imported water may be distributed by

surface conveyance facilities to the populace or utilized
directly to recharge the ground water reservoirs.

In the future, use of supplemental waters, such as imported

Northern California water, could help alleviate overdraft
conditions of the ground water reservoirs. Thus, the encroach-
ment of saline waters could be halted and normal seaward

hydraulic gradients be reestablished in the coastal alluvium-

filled valleys

.
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CHAPTER IV. WATER QUALITY

The purpose of this chapter is to show what measurements,

evaluations, and criteria were used by the investigators

to determine the quality of the water in the San Diego Region.

To carry out this purpose, the investigators, using informa-

tion collected in the water quality surveillance program
which the Department maintains, evaluated the chemical con-
stituents within the water and established meaningful criteria
for rating it.

This chapter describes the common chemical constituents and

their occurrence. The next chapter will deal in detail with

the factors within the environment — both natural and

manmade — that determine the quality of the water. In the

final chapter, information will be given on the quality of

water in the individual hydrologic units of the Region.

CHEMICAL CONSTITUENTS AND PROPERTIES

Of primary inportance in making a water quality study is the

determination of the chemical constituents and properties
inherent in the water and, of these, which aire significant
(see Appendix D).

In the San Diego Region, as elsewhere, the kinds and amounts
of chemical constituents in water are governed by the types

of rock material and soils with which it comes in contact.

Precipitation and runoff also generally govern the concentra-
tion of constituents in water by the mechanism of dilution.
Water containing the smallest quantities of dissolved constit-
uents is usually found in areas having the greatest amount of

precipitation and runoff, particularly where such areas are
underlain by crystalline rocks.

The chemical constituents and properties commonly occurring

in surface and ground water in the San Diego Region are dis-

cussed in the following section. These include calcium,
magnesium, sodium, potassium, carbonate, bicarbonate, sulfate,

chloride, nitrate, boron, electrical conductivity, total
dissolved solids, radioactivity, and chemical character.

Calcium (Ca)

Calcium can be dissolved from most rocks, but the highest

concentrations of calcium in the San Diego Region are usually

in waters that have been in contact with the more basic intru-

sive rocks or with gypsiferous sedimentary rocks.
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Sampling Ground Water from Pressurized Well System

The Department collects information
in its water quality surveillance program.

For irrigation, especially of clayey soils, calcium should
form a high percentage of the cations so that the irrigated
soil will be arable and permeable. In contrast, calcium
should not be present in high concentrations in water used
for domestic and industrial purposes because it is the prin-

cipal cause of hardness and scale in boilers and water pipes.

Calcium also reacts with soap, producing a gray scum that

inhibits lathering.

Magnesium (Mg)

In the Region, waters relatively rich in magnesi\im are gener-

ally associated with the more basic crystalline rocks such as

the gabbros. Magnesium increases the hardness of water and

the scale-forming properties in the same manner as does

calcium. Also, water containing about 125 parts per million
of magnesi\am and about 500 parts per million of sulfate may
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produce a noticeable laxative effect in persons unaccustomed
to these concentrations in their drinking water.

Sodium (Na) and Potassium (K)

In the San Diego Region, sodium and potassium are dissolved
from most rock materials. However, the sodium concentration
generally far exceeds the potassium concentration in surface
and ground water. Although potassium is present in most of
the crystalline rocks, its concentration in surface and
ground water is negligible as compared to the other major
cations. This anomaly is due to the weathering character-
istics of the various rocks and to the recombining of
potassium released from these rocks with the clayey products
of weathering.

Moderate quantities of sodium and potassium generally have
only a small effect on the usefulness of water. However,
industrial use of water containing moderately high concentra-
tions of sodium and potassiiim may require that steam boilers
be carefully operated to prevent foaming.

For laundry and cleaning purposes, it is desirable that sodium
make up a high percentage of the cations because calcium and
magnesium cause formation of soapy scums in household washing
and deposition of scale in hot water pipes. For irrigation
use, water should have a low ratio of sodium to total cations.
Irrigation water with a high percent sodiiom decreases soil
permeability by deflocculation, thereby reducing percolation
to the TDlant root zone.

Carbonate (CO3) and Bicarbonate (HCO-:^)

The bicarbonate anion is normally the predominant anion in

much of the native waters of the San Diego Region. Carbonate
and bicarbonate are derived principally from the atmosphere

and vegetation-covered lithosphere. Carbon dioxide in the

atmosphere combines with moisture to form carbonic acid which
aids in the rock weathering processes. Carbonic acid in solu-

tion dissociates to form bicarbonate ions that link with the

cations released from weathering of the lithosphere. The

relative concentrations of these two constituents affect the

alkalinity or acidity (pH) of the water.

Sulfate (SOij)

The most important sources of sulfate in native waters of the

San Diego Region are the gypsiferous deposits and sulfide
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minerals associated with the crystalline rocks. Sulfate is

particularly significant in water that contains large concen-
trations of calcium and magnesium. In comhination with cal-

cium and magnesium, sulfate forms deposits of hard scale in

water pipes, water heaters, and boilers. Sulfate in combina-
tion with magnesium may produce laxative effects.

Chloride (Cl)

Most waters contain chloride because it is present in many
rock types and is very soluble in water. All waters in the
study area contain chloride that has been dissolved from rocks

or has been derived from hot springs of deep-seated origin.

In the coastal areas, high concentrations usually signify
sea-water intrusion or inflow of connate waters from the

Tertiary marine sediments or both. In addition, disposal of

sewage and industrial wastes often introduces chloride into

surface and ground waters.

High concentrations of chloride render water unusable for

drinking or for processing of foods and beverages. For irri-

gation, water containing high chloride concentrations is

undesirable because chloride causes subnormal growth of crops

and burns the foliage, impairing the appearance and reducing

the marketability of the crops.

Nitrate (NO3)

Boron (b)

Nitrate generally occurs only in trace quantities in nonpol-

luted water. Where it occurs in amounts exceeding a few parts

per million in the San Diego Region, it is usually derived
from by-products of organic decomposition and from chemical
fertilizers. In addition, large quantities of nitrate result

from nitrogen fixation by bacteria and plant legumes. Atmo-
spheric storms also cause the fixation of nitrogen, and sub-

sequent precipitation carries the nitrates into the soil.

In excessive amounts, ^5 ppm or more, high nitrate concentra-
tions in water used for preparing infant's feeding formulae

may cause the infant illness methemoglobinemia (cyanosis).

Boron usually occurs as a trace in nonpolluted waters. It is

a major constituent of the mineral tourmaline which is wide-
spread in the pegmatitic veins associated with igneous rocks.

Also, some hot springs in the Region contain 2 to ^ ppm of

boron.
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The concentration of boron in water for agriculture is important.

Boron in excess of 2 ppm in irrigation water is deleterious to

many plants; less than 1 ppm adversely affects others. How-

ever, trace amounts are essential to the growth of many plants.

Electrical Conductivity (EC)

Electrical conductivity, which is expressed in micromhos at
25° C, is a quick method of measuring the ion concentration
of a solution. Electrical conductivity is used as an indica-

tion of the total dissolved solids content of water.

Total Dissolved Solids (TDS)

The areal extent of total dissolved solids in ground water in

the San Diego Region is shown on Plates 9A, 9B, and 9C, and

for selected surface water stations on Plate 10. These plates
are discussed in Chapter V and reviewed in Chapter VI.

Determination of the concentration of total dissolved solids

in water furnishes an indication of its overall chemical con-

tent and serves as a criterion for appraising the chemical

quality of water for beneficial uses.

For domestic use, waters are classified according to total

dissolved solids content, which may be estimated from the

electrical conductivity. For most waters, multiplying elec-

trical conductivity by a factor of 0.5 to 0.7 gives a nimber

that approximates the total dissolved solids content.

Radioactivity

The U. S. Public Health Service defines radioactivity as

ionizing radiation that is harmful to the hviman body. Mankind

has always been exposed to natural and background radiation.

Any increase of radiation in the water supply above background

could be a hazard to the public health.

The most common unit of measurement is the "curie"; however,

the term "picocurie" per liter (pc/l) of water is used in this

report. A picocurie is equal to a micro-microcurie (uuc) which

is a millionth of a millionth of a curie, or approximately

2.22 disintegrations per minute. Naturally occurring radio-

active concentrations in surface waters are very low, varying

from about 0.10 to 10 picocuries per liter.

The following limits on radioactivity are taken from the

Federal Register, Title ii2-Public Health, dated March 6, 1962,
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and are given here as a guide to the reader for evaluating
the radioactivity results from selected stations presented
in Table 5-

"Limits . (l) The effects of human radiation exposure
are viewed as harmful and any unnecessary exposure to
ionizing radiation should be avoided. Approval of water
supplies containing radioactive materials shall be based
upon the judgment that the radioactivity intake from
such water supplies when added to that from all other
soijrces is not likely to result in an intake greater
than the radiation protection guidance recommended by
the Federal Radiation Council and approved by the
President. Water supplies shall be approved without
further consideration of other sources of radioactivity
Intake of Radium-226 and Strontium-90 when the water
contains these substances in amounts not exceeding 3 and
10 ucc/liter, respectively. When these concentrations
are exceeded, a water supply shall be approved by the
certifying authority if surveillance of total intakes
of radioactivity from all sources indicates that such
intakes are within the limits recommended by the Federal
Radiation Council for control action.

"(2) In the known absence of Stronti\im-90 and alpha
emitt.ers, the water supply is acceptable when the gross

TABLE 5

RADIOASSAYS OF SUEFACE WATER

SELECTED STATIONS IN SAN DIEGO
FROM
REGION

Sampling station*

Stream system Number

Santa Margarita River near

Fallbrook

Escondido Creek near Harmony Grove S-26

San Diego River at Old Mission Dam S-Uo

San Diego River near Mission Gorge
Road

Spring Valley Creek near La Pressa S-I46

Tia Juana River at International
Boundary

Date
sampled

Picocuries per liter

Dissolved
alpha

Solid
alpha

Dissolved
beta

Solid
beta

S-15 5-I5-6I4 0.281 0.93 -O.O5tO.8O -8.55* 8.70 13.521 9.07

9-l8-61t 2.86t 3.51 -0.57i0.1<8 -0. 79*13. 12 1.53i 7.93

5-1U-6U U.531 7.18 O.731I.35 9.65115.84 -3.5ti 9.17

9-17-61) 3.1*81 9.53 0.59*1.03 20. 89*11*. 70 2.ik± 7.86

5-13-6h -3.55* 1.36 2.1*3«2.l6 10.06*15.25 -lt.1.7* 9.S5

9-I5-6U -I4.531 2.09 0.29*0.80 0.31*16.09 3.72* 6.91

S-Ul 5-13-61* 3.68* 5-82 0.02*0.71* 13.6lil5.52 1.32* 7.95

9-15-6I* U. 091 13.36 0.07*0.71 12.91*29.90 -3.57* 3.1*7

5-IU-6U 58.79*107.92 -0.03*0.77 -1*2.98176.62 0.1*81 e.39

9-15-61( lt.88» 29.71 0.99*1.01* -1*7.97*79.76 10.72* 8.99

S-53 5-ll*-61* 0.91* 7.00 5.'*'*'5.17 80.89*35.76 13.3l*U7.38

See Plate 10 for location.
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beta concentrations do not exceed 1,000 uuc/liter.
Gross beta concentrations in excess of 1,000 uuc/liter
shall be grounds for rejection of supply except when
more complete analyses indicate that concentrations of

nuclides are not likely to cause exposures greater than
the Radiation Protection Guides as approved by the
President on recommendation of the Federal Radiation
Council."

Chemical Character

The chemical character of water is based on the determination
of the predominant cations and anions in equivalents per mil-
lion (epm). Specifically, the name of an ion is used where
its chemical equivalent constitutes one-half or more of the
total ions for its appropriate group. For example, sodi\wi

chloride water is water in which the sodium is equal to or

greater than 50 percent of the cations and the chloride bears

a like relationship to the anions. Also, sodium-calcium
chloride water is water in which sodium, the major ion, is

more abundant than calcium, the subordinate ion, but is less

than 50 percent of the total cations. Likewise, sodium
chloride-sulphate water is water in which chloride exceeds

sulphate but is less than 50 percent of the total anions.

The chemical character of a water is an important tool for

tracing the factors influencing water quality. The chemical
character of surface water in the San Diego Region is shown

on Plate 10 and of ground water on Plates llA, IIB, and IIC.

These plates are discussed in Chapter V and Chapter VI.

QUALITY CRITERIA

Equally as important as determining the chemical constituents

and properties of the water is establishing criteria, against

which to measure those constituents and properties. Because

of the different needs of each, separate sets of criteria
have been developed for domestic and municipal use and for

irrigation use.

Given here are the criteria that have been established for

judging water in most locations. Following that discussion,

specific criteria are presented in this bulletin that have

been developed for use only in the San Diego Region.

General Criteria

The water quality criteria that are used in this investiga-

tion and report are based on the U. S. Department of Health,
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Education, and Welfare "Public Health Service Drinking Water
Standards, 1962"; the California State Board of Public Health
"Interim Policy on Mineral Quality of Drinking Water"; and
the classification of water for irrigation purposes by
Dr. L. D. Donneen of the Division of Irrigation of the
University of California at Davis.

TABLE 6

U. S. PUBLIC HEALTH SERVICE
DRINKING WATER STANDARDS

1962

In milligrams per liter
(ppm)

Substance

Recommended :



To aid readers in interpreting the chemical analyses of groiand

water presented in Appendix D and in evaluating the suitability
of a particular water for a specific purpose, the Department of
Water Resources has adopted for this report only a set of water
quality use ratings based upon the standards and classifications
mentioned above. The development of such use ratings from the
U. S. Public Health Service Standards for domestic and munici-
pal use, and from the University of California irrigation
criteria are discussed in this section.

Domestic and Municipal Use

Water that is used for drinking and culinary purposes should
(l) be clear and colorless; (2) have no unpleasant taste and
odor; (3) be free from toxic substances; {h) contain a rela-
tively low level of dissolved chemical constituents; and

(5) be free from pathogenic organisms. The most widely
used criteria in determining the suitability of a water for
this use are the "Public Health Service Drinking Water
Standards, 1962". These standards establish mandatory limits

of maximum permissible concentration for certain constituents
and nonmandatory but recommended limits for others. Table 6

indicates these limits for drinking water.

In California, the State Board of Public Health issues water
supply permits in accordance with its "Interim Policy on

Mineral Quality of Drinking Water", as adopted September k,

1959, and in accordance with "Policy Statement and Resolutions
by the State Board of Public Health with Respect to Fluoride

Ion Concentrations in Public Water Supplies", as approved
August 22, 1958. The interim policy on mineral quality is

presented as follows:

"1. Water supply permits may be issued for drinking
and culinary purposes only when the Public Health
Service Drinking Water Standards of 19^6_1/ and

the State Board of Public Health policy on fluo-

rides are fully met.

"2. In view of the wide variation in opinion in this
field, the uncertainty as to the long-time health
effects, the uncertainty of public attitude con-

cerning various mineral levels , and the obvious
need for further study, temporary permits may be

i' Author's Note: It is assxamed, in the absence of any later
proclamation, that the I962 edition of the Drinking Water
Standards now applies.
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issued for drinking water supplies failing to meet

the Drinking Water Standards if the mineral con-

stituents do not exceed those listed under the
heading 'Temporary Permit' in the following table:*

UPPER LIMITS OF TOTAL SOLIDS** MH
SELECTED MINERALS IN DRINKING WATER

AS DELIVERED TO THE CONSUMER

Permit Temporary Permit

Total Solids



With respect to fluoride concentration, the State Board of

Public Health has defined the maximum safe amounts of fluo-

ride ion in relation to mean annual air temperature.

Mean annual air
temperature

,

in °F

50

60

TO - above

Mean monthly maximum
fluoride ion concentration,

in ppm

1.5
1.0

0.7

The mean annual air temperature of the San Diego Region gen-

erally falls within a range of 58° to 66° Fahrenheit.

Irrigation Use

Because of diverse climatological conditions, crops, and soils

in California, it has not been possible to establish rigid

limits for the quality of irrigation water to be used for all

conditions involved. However, based on work done at the

University of California and at the Rubidoux Regional Salinity

Laboratories of the U. S. Department of Agricult\ire , water

used for irrigation has been divided into three broad classes:

Class 1, excellent to good; Class 2, good to injurious; and

Class 3, injurious to imsatisfactory. Dr. L. D. Doneen has

TABLE 7

CRITERIA* FOR IRRIGATION WATERS



suggested a classification for water to te used for irriga-
tion as shown in Table T; this classification is used by the
Department of Water Resources in determining water quality-

criteria for irrigation waters. Four criteria are generally
used, as outlined by Dr. L. D. Doneen's classification, to
determine the suitability of water for irrigation use: elec-
trical conductivity (EC micromhos at 25° C), boron concentra-
tion, chloride concentration, and percent sodiijm.

Specific Criteria

The water quality use ratings adopted by the Department of

Water Resources for use only in this investigation are shown
in Table 8. These ratings are not to be construed as recom-
mended limits. In arriving at the use ratings shown, due

consideration was given to such factors as chemical quality
of water now being used, climate, soil, and crop types. In
addition, physiological and aesthetic effects were considered
for domestic use ratings. The availability of alternative
sources has been, and continues to be, an important consider-
ation in suggesting maximum limits on dissolved constituents
in water in the San Diego Region. The limits set forth by
the U. S. Public Health Service for toxic constituents, such
as barium, lead, cyanide, cadmium, silver, arsenic, selenium,
and hexavalent chromium, should be adhered to.

On the basis of the water quality criteria discussed in this
chapter and the conditions prevailing in the Region, waters
for domestic and irrigation use in the San Diego Region are
classified in one of three categories: suitable, marginal,
or inferior. The constituents and the limits of concentration
of these for each of the three categories are shown in Table 8.

The rating of ground water for domestic uses are presented in

Plates 12A, 12B, and 12C , and for irrigation uses in Plates 13A,

13B, and 13C. A discussion of these water use ratings for each
hydrologic unit is presented in Chapter VI.

Where waters are used for both industrial and domestic pur-

poses, the mandatory limits for the toxic constituents as set

forth in the U. S. Public Health Service Drinking Water Standards
should apply. The large number of specific quality requirements
of water for industrial use prohibits inclusion of a classifi-
cation for industrial waters in this report.
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TABLE 8

RATING OF WATER FOR DOMESTIC AND IRRIGATION USES

Factor or constituent
Rating*

Suitable Marginal** Inferior

DOMESTIC

Total dissolved solids Less than 1,000 1,000-1,500

(TDS), ppm

Nitrate (NO-^), ppm

Fluoride (F), ppm

Sulfate (SOj^)
,
ppm

Less than i+5

Less than 1.0

Less than 250

1.0-1.5

250-500

Greater than
1,500

Greater than
1+5

Greater than
1.5

Greater than
500

IRRIGATION

Electrical conductivity Less than 1,500 1,500-3,000
ECxl06 at 25° C

Chloride (Cl), ppm

Percent sodium

Boron (B)
,
ppm

Less than 175

Less than 60

Less than 0.5

175-350

60-75

0.5-2.0

Greater than
3,000

Greater than
350

Greater than

75

Greater than
2.0

*These ratings are a general guide only. Interim standards for certain

mineral constituents have been adopted by the California State Board

of Public Health for domestic water supplies. Persons planning to

serve water to the public should contact their local health department,

**The term marginal applies to waters that exceed the drinking water

standards but could be used with appropriate restrictions. For irri-

gation uses, the term mar'ginal is regarded as possibly being harmful

for certain crops under certain conditions of soil or climate, partic-

ularly in the higher ranges of this class.

-71-





CHAPTER V. GEOHYDROCHEMISTRY

Geohydrocheraistry is the study of the chemical quality of

surface and ground water as it is influenced by the geologic

and hydrologic environments and modified by the activities

of man.

As has been generally recognized, the principal conditions

that influence the kind and concentration of chemical constit-

uents occurring naturally in surface and ground water are:

(1) climatic conditions, such as the amount of precipitation

and runoff — a part of the hydrologic environment ; and

(2) chemical composition of the rocks that water encounters

and the weathering process these rocks undergo — a part of

the geologic environment.

Among the major factors resulting from man's activities which

may influence the chemical quality of water in the San Diego

Region are: importation of Colorado River water, future use

of Northern California water, use of reclaimed waste water

and desalinized water, intrusion of sea water, invasion by

connates, development of adverse salt balance condition, dis-

posal of industrial and domestic waste, and application of

chemical fertilizers.

EFFECTS OF PRECIPITATION AND RUNOFF

The geology and hydrology of the study area not only individ-

ually influence the water quality, but also influence each

other in their effects upon it. For example, above normal

precipitation and consequent above normal runoff generally

result in reducing the concentration of the chemical constit-

uents dissolved in runoff and eventually in ground water.

The greater the precipitation, the greater is the effect of

dilution. The greater the runoff, the shorter the time water

is in contact with the underlying rocks and, therefore, the

smaller the concentration of material that is taken into

solution by surface water.

Precipitation has a very small quantity of material in solution

because it has gone through a natural distillation process

during evaporation from water and land surfaces. With respect

to total dissolved solids content, precipitation is at one end

of the scale and sea water is at the other. In other words,

the total dissolved solids content is at a minimum in precip-

itation, increases during runoff, further increases in ground

water, and reaches its maximum in sea water.

Precipitation, which acquires chemical substances while still

in the atmosphere, dissolves relatively large quantities of
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carton dioxide and smaller amounts of other constituents.
Carbon dioxide in combination with rainwater forms carbonic
acid, a weak acid that greatly aids in dissolving the minerals
which make up the rocks of the lithosphere. The quantities of
constituents that water can dissolve depend mainly on the
solubility of the rock and soil materials and the length of

time the water is in contact with them.

After entering the soil and rocks, precipitation, which
generally contains less than 10 ppm total dissolved solids,
incorporates soluble constituents, both inorganic and organic.
It derives additional carbon dioxide from humus and other
sources.

The influence of precipitation on the rocks in the mountain-
valley section is far greater than that in the coastal-plain
section because of two major factors: (l) annual precipita-
tion for the mountain-valley section ranges from about

15 inches on the lower slopes up to ^5 inches on the summits,
whereas precipitation on the coastal plain is generally less
than 15 inches; and (2) the area of the mountain-valley sec-
tion is much more extensive than that of the coastal plain
and consequently receives more precipitation.

EFFECTS OF GEOLOGIC ENVIRONT-IENT

The major factors of the geologic environment which influence
the chemical quality of natural waters within the San Diego
Region are discussed in this section. Also discussed are the
techniques used for determining these effects and the evalua-
tion of these effects.

Factors Influencing Water Quality

The principal factors within the geologic environment which
influence the constituents dissolved in surface and ground
water are the chemical composition of the rocks and weathering
processes which these rocks undergo and, to a lesser degree,
the natural discharge of hot springs.

Weathering and Rock Composition

Water is a powerful weathering agent, especially when charged
with carbon dioxide from the atmosphere and from h\amus of the
lithosphere. Over a period of time, under a climatic environ-
ment such as in the mountain-valley section of the San Diego
Region, water is able to break down nearly all rock-forming
minerals. The products of weathering can be divided into two
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groups: (l) soluble materials (that is, compounds of sodium,
calcium, magnesium, and potassium) which are removed by cir-
culating waters; and (2) residual materials (that is, alumina,
iron oxides, and some silica) that accumulate at the site of
weathering.

In the San Diego Region, the major crystalline rocks, as dis-
cussed in Chapter II, are tonalites, granodiorites

, gabbros

,

and metamorphics. The chemical composition of these rocks
was studied in detail by Larsen (19I+8). ;/^heir major chemical
constituents are the oxides of silicon, aluminum, iron, calcium,
sodium, and potassium. S&e. corre.cHon 5he.e.T in-p-fi nT f- to^c

The dissolved constituents accumulated by runoff draining the
crystalline mountainous areas of the Region are of relatively
low concentration. They are largely derived from feldspathic
materials and, to a lesser degree, from the ferromagnesian
minerals which make up the crystalline rocks. The four major
cations derived from these minerals which are normally found
in natural waters, in general order of decreasing abundance,
are calcium, sodium, magnesium, and potassium.

This relative order of abundance of cation concentration in
waters of the San Diego Region is generally in close correla-
tion with the source minerals which make up the rocks of the
Region. This correlation is shown when the oxides of calciiom,
sodium, magnesium, and potassiim are converted to their ionic
form (see following section on Techniques Utilized in Evaluating
Effects) from the average mineral analyses of rocks (Larsen,
19i+8).

The stability, or weathering characteristics, of the rock-
forming minerals is also important in determining the rate
they go into solution. For example, the ferromagnesian
minerals break down more rapidly than do the feldspars. Of
the feldspars, those rich in calcium and sodivmi weather more
rapidly than do those that are rich in potassium. Therefore,
calcium is generally the most abundant cation in the native
waters of the San Diego Region.

Even though potassium is one of the four major cations in
waters of the Region, it is the least abundant. It generally
is present in concentrations of less than 10 ppm. Based on
the chemical composition of the crystalline rocks, it should
be of a higher concentration in the waters. This anomaly is
probably due in large part to the relative solubilities of the
.major cations, adsorption of potassium ions from solution by

/ clayev materials, and other complex physiochemical processes.
QJee Corre-chan &he,e.f I'm front of-bool^

Adsorption is the adhesion (by physical or chemical forces) of
moleciaes of gases or of ions or molecxiles in solution to the
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surface of solid bodies with which they are in contact.
Adsorption by the forces of chemical bonding rather than
physical forces is termed chemisorption. Replacement of
adsorbed ions by ions in solution is termed ion exchange.
Most of the ion exchange reactions involve cations and are

often referred to as base exchange (Hem, 1959). Adsorption
is an important process in the removal or replacement of ions
in waters of the San Diego Region.

Generally, calcium and magnesium ions in solution will replace
adsorbed sodium on the exchange material as in a water softener
system. However, the process is reversible as in the intrusion
of a freshwater zone by sea water in which calcium and magne-
sium ions are released from their exchange positions and
replaced by sodium ions.

During the weathering processes, potassium ions are adsorbed
by clays and recombined to form new clay or micalike minerals;
whereas, a relatively higher proportion of the ions of calcium,
sodium, and magnesium tend to remain in solution. Minerals and
sediments having exchange capacity are widespread and abundant.
Their role in altering the chemical composition of dissolved
constituents in water is very important.

Hot Springs

Hot springs locally have a major influence on the ground water
in the San Diego Region. Widely scattered, mineralized hot
springs are generally associated with fault zones. The hot
springs contain highly mineralized waters, which rise from
great depths and mix with circulating ground waters of meteoric
origin. This mixture, which may move laterally as well as
vertically, is generally a moderately hot water containing
relatively high concentrations of fluoride, boron, sodium,
chloride, and sulfate.

Hot springs, such as Murrieta Hot Springs and San Juan Hot
Springs, are characterized by : (l) a Na CI character,
(2) a pH ranging from 9 to 9-^, (3) a high concentration
of fluoride ion (U to 8 ppm) , (U) a high percent sodium
(about 96 percent), along with a carbonate ion (CO3) concen-

tration of 20 to 60 ppm, and (5) a TDS concentration of 300
to 750 ppm. These chemical characteristics of waters from
hot springs are quite different from those of the ground
water in the surrounding areas. The influence of hot springs
on the ground water of the areas siirrounding Murrieta Hot
Springs is indicated on Plates llA, 12A, and 13A. Ground
waters which seem to be partially influenced by hot springs
occur in other areas such as those in the vicinity of the
community of Radec

.
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Techniques Utilized in Evaluating Effects

The chemical relationships between ground water and its
enveloping geologic environment were studied using the
following techniques:

1. Available chemical analyses of ground waters from the
wells located in a particular rock type were selected on the
basis of the areal geology and subsurface lithology maps.

2. Of the selected chemical analyses, any analysis which had
a nitrate ion content generally greater than 5 parts per
million was excluded because of probable influences of man.

3. From these selected chemical analyses, percent reactance
values of ground water as related to its source host or rock
were plotted on trilinear diagrams (Figures 8A, 8B, and 8C).

h. Percent reactance values for chemical analyses of ocean
water, Murrieta Hot Springs, and V.'arner Hot Springs were also
plotted on the trilinear diagrams for comparison.

5. For reference and comparison, rock chemical analyses were
also plotted on the same diagrams. The same method of calcu-
lating the percent reactance value from the chemical analysis
of ground water was also used for the chemical analyses of the
following rock materials:

Average Woodson Mountain granodiorite (Larsen, 19^8)
Average granodiorite (Daly, 1933)
Average Green Valley Tonalite (Larsen, I9U8)
Average Bonsall Tonalite (Larsen, 19^*8)

Average quartz diorite (Daly, 1933)
Average San Marcos Gabbro (Larsen, 191*8)

Average gabbro (Daly, 1933)
Temecula Arkose (Mann, 1955)

The plotting of water quality data on trilinear diagrams is
a graphic method of presenting the chemical character of a

water. Percent reactance values for either cations or anions
or both were plotted on the trilinear diagrams. Each vertex
represents 100 percent of a particular ion or combination of
ions. The composition of the water with respect to cations
or anions or both is indicated by a point plotted in its
respective triangle on the basis of the percentages of the
constituents present. The trilinear diagram (after Piper,
19^*1+) represents an analysis plotted by three points. The
cation and anion triangles occupy positions at the lower left
and lower right with their bases aligned horizontally. The
central portion of the diagram or third portion is the
diamond-shaped upper field.
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Each corresponding point in the cation and anion triangles
is projected into the upper diamond-shaped field along a

line parallel to the upper margin of the field. The point
where the extensions intersect represents the composition of
the water as shown by the relationships between the cations
(sodium plus potassium and calcium plus magnesium) and the
anions (carbonate plus bicarbonate and chloride plus sulfate).
Thus, the chemical character of a water is visually illus-
trated by the use of trilinear diagrams.

The chemical character which would be expected from a water
coming in contact with a given rock type is based on the cation
chemical character of that rock. This character is determined
from the percent by weight of the oxides of calcium (CaO),
magnesium (MgO) , sodiiim (Na20) , and potassium (K2O) as pre-
sented in the chemical analyses of that rock. However, the
resulting cation chemical character does not take into con-
sideration such factors as adsorption, weathering, and solu-
bility of constituents which make up the lithosphere.

To determine the cation chemical character of a rock, the
percent by weight of the oxides of the major cations found
in water (i.e., Ca, Mg, Na, and K) is changed to its percent
by weight in ionic/ form by multiplying by the following con-
version factors :y / atomic weight \ Ca_ _ 0.71^+6-

molecular weight CaO

M£_ = 0.6032; ^— = 0.7^19 and JL. = 0.8320. The ionic form
MgO Na20 K2O
of the cations is then equated to parts per million and con-
verted to equivalents per million by dividing by the combining
weights of calcium (20. OU), magnesium (12. I6), sodium (22.99),
and potassium (39-10) . The percent reactance value for each
cation is then obtained by dividing each of the cations in

equivalents per million by the sum of the cations to show the
cation chemical character . c5~£& c^rre^TiDY'i Sha&T i*-^ j'-r^nl of bosK-

The chemical character of water coming in contact with sedi-
mentary rocks may be estimated by converting mineral analyses
of these rocks to their chemical analyses form and then using
the above procedures. This technique is useful not only for
showing and interpreting relationships with the aid of tri-
linear diagrams, but also for estimating the cation chemical
character of runoff and ground water coming in contact with
a given rock type.

However, the cation chemical character which might be expected
to occur in a water (based on a chemical analysis of its
associated rock material), as previously discussed, is modi-
fied by the geologic and hydrologic environments. Chemical
analyses indicate that some of the crystalline rocks in the
San Diego Region are relatively high in potassium. Therefore,
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we might expect waters associated with these rocks also to be
high in potassium. However, as has been previously explained,
this is not the case. In fact, nearly all naturally occurring
waters in the San Diego Region are so low in potassium that
this ion is not significant in determining the chemical
character of a water.

Employing this technique for estimating the cation chemical
character of a water coming in contact with a given rock type,
the following estimations were made: (l) magnesium-calcium
for the San Marcos Gabbro, (2) sodium-calcium for the Green
Valley Tonalite, (3) sodium-calcium for the Woodson Mountain
Granodiorite , and {k) c ale iijm-sodium for the Temecula Arkose.
However, it should be noted that the sodium and calcium ion
concentrations for (2), (3), and {k) above are, on the average,
nearly equal with magnesium being higher in the tonalite.

The bicarbonate ion, which is largely derived from carbon
dioxide in the atmosphere and from humus in the lithosphere,
is generally the predominant anion in waters associated with
these rocks.

A comparison of the distribution of TDS values for ground
water from various rock types is shown on Figure 9- These
graphs are based on nearly ^00 chemical analyses of groiind

water, some of which have been influenced to some degree by
man's activities, and therefore are not as selective as those
used in preparing Figures 8A, 8B, and 8C.

Figure 9 indicates that, in general, ground water from the
continental sediments (Pala Fanglomerate, Temecula Arkose,
and Pauba Formation) has a TDS concentration which usually
falls within the range of 200 to 600 ppm. In contrast,
ground water from the San Diego, Capistrano, San Mateo, and
La Jolla Formations and from the Poway Conglomerate generally
has a TDS concentration falling within a range of ^00 to

2,000 ppm. The higher TDS range for these sediments of marine
origin is attributable to their connate waters which have been
subsequently flushed out to varying degrees. Ground water
extracted from the fractured, jointed, and weathered crystal-
line rocks (granodiorites , tonalites

,
gabbros, and the meta-

morphic rocks) has a TDS concentration that generally falls
within a range of 150 to TOO ppm.

Evaluation of Effects

Using the techniques described in the preceding section to
evaluate the effects of the major sedimentary and crystalline
rocks on the chemical quality of ground water, the following
findings were made:
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Sedimentary Rocks

Chemical analyses of the ground water from six sedimentary
units are discussed in this section. Ground water from allu-

vium in the Region is excluded from this discussion because
its chemical characteristics are variables which largely depend
upon the watershed environment and local conditions resulting
from man's activities. The six sedimentary rocks presented in

this section to show the relationship of ground water to its
host rock are as follows: Pleistocene Sediments — Pala
Fanglomerate and Temecula Arkose", pre-Quaternary

Sediments — San Diego Formation, Capistrano and San Mateo
Formations, Poway Conglomerate, and La Jolla Formation.

Pala Fanglomerate . Ground water extracted from the Pala Fan-
glomerate in the Pala-Pa\ima Valley area is generally calcium-
sodium bicarbonate in character and has a TDS content of 200
to 500 ppm. The average TDS of 10 selected chemical analyses
shown on Figure 8A is ^20 ppm. The range is plotted in

Figure 9.

The trilinear plot of the average chemical analysis of the
cations and anions of ground water from the Pala Fanglomerate
exactly matches that of the average chemical analysis of ground
water in the metamorphic rocks (Figure 8b). Also, the cation
plot of ground water from the Pala Fanglomerate is nearly the

same as that of the cation plot for the average chemical anal-
ysis of Bonsall Tonalite (Figure 8B) . This substantiates the

geologic evidence that the fanglomerate is slope wash derived
primarily from the adjoining metamorphic rocks and Bonsall
Tonalite along the Elsinore fault zone in the Agua Tibia
Mountains

.

Locally, the relatively high content of sulfate ion in ground
water derived from the Pala Fanglomerate is probably a result
of oxidation of sulfide minerals associated with the crystal-

line rocks of the surrounding terrain. However, a portion of

the sulfate ion may possibly be a result of chemical fertil-
izers applied to the extensive agriculture areas.

Temecula Arkose . The Temecula Arkose occurs in the Temecula-

Miirrieta, Aguanga-Radec , and Warner Springs-Lake Henshaw areas.

Analyses of ground water from 15 wells (also includes water
from Pauba Formation) indicate that, although variable, the
average chemical character is sodium bicarbonate (Figure 8a) .

This average is somewhat misleading because of the influence
of Murrieta Hot Springs which is sodium chloride in character.
A significant observation from the trilinear diagram is that

the plot of cations from the rock analysis of the Temecula
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Arkose is calcium-sodium (nearly equal percent reactance value)

in character which also should be the character of ground water
associated with the Temecula Arkose if the hot springs did not

have an influence. Locally, the relatively high sulfate con-

tent is in part due to the effects of Warner Hot Springs which

is sodiiom sulfate-chloride in character.

The total dissolved solids concentration generally ranges from

200 to 600 ppm with several analyses exceeding the upper value.

The average TDS of 15 chemical analyses shown on the trilinear

diagram (Figure 8a) is 500 ppm. The range of TDS is shown

graphically in Figure 9-

San Diego Formation . The sediments of the San Diego Formation
crop out extensively in the coastal plain section south of the

San Diego River, with thick beds being found in Otay Mesa.

Chemical analyses of ground water from 22 wells indicate the

waters are sodium chloride in character (Figure 8B). The

total dissolved solids content generally ranges from 6OO ppm

to 1,600 ppm and averages about 950 ppm (Figure 9).

The sodium chloride character of the ground water and its

relatively high TDS is indicative of the marine origin of the

San Diego Formation. Its connate water has only been partially

flushed out by meteoric water. Chemical analyses of water from

several wells located in the mesa south of the Otay River show

an unusually high fluoride content (2 ppm to 5 ppm). The source

of the fluoride ions may be the bentonitic tuff beds inter-

calated in the San Diego Formation.

Capistrano and San Mateo Fonnations . Cropping out in the area

around San Mateo and San Juan Capistrano, these locally water-
bearing sediments are limited in extent. Selected data from

five wells indicate that the average chemical quality of this

water is variable. The water is sodium-calcium bicarbonate-
chloride in character (Figure 8B) with an average total dis-

solved solids content of about 500 ppm (Figure 9). The

bicarbonate-chloride character of this water reflects partial

flushing of the connate water from these formations.

Poway Conglomerate . A widely distributed sediment in the

coastal plain north of San Diego, the Poway Conglomerate is

locally water-bearing. Analyses of ground water from four

wells indicate the chemical character generally to be sodixim

chloride-bicarbonate or bicarbonate-chloride (Figure 8B) with

a total dissolved solids content generally ranging from 6OO ppm

to 1,200 ppm. A fifth well with a TDS of UOO ppm is sodium-

calcium bicarbonate in character. Figure 9 indicates that the
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TDS averages about 800 ppm. Groiind water from the Poway
Conglomerate (in part marine) appears to be partially flushed
connate water as shown by the predominance of sodiiom and
chloride ions associated with the bicarbonate ion and the
variability of the total dissolved solids concentration.

La Jolla Formation . Occurring in the coastal plain section,

the La Jolla Formation extends northerly from the San Diego
River to the San Mateo Creek. Chemical analyses of ground
water from 21 wells located in the mesa area between the San
Dieguito and San Diego Rivers indicate an average chemical
character of sodium chloride (Figure 8b) . However, the chem-
ical character of the water is variable, with calcixim, bicar-
bonate, and sulfate ions also being locally prevalent. The
total dissolved solids content averages about 1,H00 ppm but
generally falls within a range of 800 ppm to 2,200 ppm, with
some exceptions as shown on Figure 9- As indicated by the
average chemical character and variable high TDS, this water
is a connate of marine origin which subsequently has been
partially flushed by meteoric water. The locally occixrring,

relatively high sulfates probably indicate the influence of

gypsiferous deposits in the La Jolla Formation.

Crystalline Rocks

Chemical analyses of ground water associated with igneous and
metamorphic rocks are discussed in this section. Ground water
derived solely from residuum is excluded from this presenta-
tion. The chemical characteristics of ground water from
residuum, like that from alluvium, are variables which depend
in large part upon the local environmental conditions result-
ing from man's activities. However, wells drilled into the
crystalline rocks usually penetrate some residuum. The chem-
ical quality of ground water collecting in the fractures and
joints of the unweathered crystalline rocks is affected to
some degree by overlying residuum which itself has been sub-

jected to the influence of man's activities. The relationship
of the chemical quality of ground water to its host rock
(granodiorites , tonalites, gabbros, and metamorphic rocks)
was evaluated as follows:

Granodiorite . Ground water extracted from the Woodson Movintain

Granodiorite (five samples) is sodium to calciiom or calcium to
sodium bicarbonate in character, as shown by the trilinear
diagram (Figure 8C). The average TDS of these samples is

2U0 ppm, but Figure 9 shows TDS values concentrated within a

range of 150 ppm to 65O ppm. The higher values probably
reflect the influence of man's activities on the ground water
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which has percolated through the overlying residuum into
fractures and joints in the granodiorites.

A plot of the average cations for this granodiorite is nearly-

coincident with a plot of the cations of the average world
composition of granodiorite (Figure 8C). However, a plot of
the average ground water associated with the Woodson Mountain
Granodiorite is richer in calcium than a plot of the chemical
analysis of Woodson Mountain Granodiorite itself. This may
be because the calcium-rich feldspars weather more readily
than the sodium-rich feldspars and, therefore, the ground
water is richer proportionally in calcium ion than is the
host rock.

Another possible explanation for the variation in chemical
makeup is the mineral composition of the granodiorites. These
rocks are somewhat heterogeneous due to the inclusions of
dark-colored xenoliths which are calcium-rich in composition.

Tonalite . The chemical character of ground water extracted
from the tonalites is variable, as shown in Figure 8C, with
the anion group showing a greater spread than the cation group.

The average chemical character of ground water from 23 selected
wells is sodium-calciiim bicarbonate; however, the ions of mag-
nesium and chloride are also fairly common in various combina-
tions with the ions of sodium, calcium, and bicarbonate. The
total dissolved solids content ranges from 150 ppm to 550 ppm,
averaging about 360 ppm for the same 23 wells ; however , a

greater spread is shown on Figure 9. The wide variation in

TDS and chemical character is due in part to the numerous
inclusions within the tonalites.

As shown in Figure 8C , the average cation plot of ground water
associated with tonalites is very similar to the average cation
plot derived from chemical analysis of tonalites, but has a

slightly higher sodium percent reactance value.

In addition, sodium as well as chloride ions in the gro\ind

water probably reflect the influences of man's activities
and hot springs

.

Gabbro . Ground water extracted from the gabbroic rocks, as

shown by the plot of the chemical analyses of three selected
samples (Figure 8C), is magnesium to magnesium-calcium bicar-
bonate in character.

The TDS of these samples falls within a range of l60 ppm to

260 ppm and averages 230 ppm. However, as shown on Figure 9,
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the TDS varies from 150 to 550 ppm for a larger numlDer of
samples. The higher values probably reflect, to some degree,
the influences of man's activities.

A plot of the cations, based on chemicals analyses of gabbro,
indicates a calcium to calcium-magnesium rich rock.

Metamorphic Rocks . The chemical character of ground water
extracted from the metamorphic rocks is variable, as shown
on Figure 8C , with the anion group showing a greater spread
than the cation group.

The average chemical character of ground water from 12 selected
wells is calcium-sodium bicarbonate. The total dissolved
solids content averaged 380 ppm and ranged from 200 to TOO ppm
for these same wells; however, a greater spread is shown on

Figure 9

•

This large variation in TDS and chemical character may be

attributed to the wide range in type and chemical composition
of the metamorphic rocks and extensive shear zones associated
with secondary mineralization. In addition, outside influ-

ences resulting from man's activities are a factor.

In conclusion, it appears that, except for the gabbroic rocks

which are magnesium-rich, the cation plots of ground water
(Figure 8C) are very similar for granodiorite , tonalite, and
the metamorphic rocks. Ground water associated with these
three rock types are calcium-sodium to sodium-calcium rich
while ground water associated with the gabbroic rocks is

magnesium to magnesium-calcium rich. The bicarbonate ion,

largely derived from carbon dioxide in the atmosphere and
humus in the lithosphere, is generally the predominant ion
in waters associated with the crystalline rocks. However,
the erratic occurrence of the anions in some of the waters
may be largely attributed to the influence of hot springs,
sulfide minerals, or man's activities.

EFFECTS OF MAN'S ACTIVITIES

Man's activities have had far-reaching effects on the chemical
quality of the water resources of the San Diego Region. The
use of supplemental waters by man to sustain his presence in

the Region has modified the chemical quality of the native
ground water.

The chemical quality of the native ground water has been modi-
fied by other activities of man. In fact, it has been impaired
through such means as overpumping and poor waste disposal
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practices. Impairment of the chemical quality of the ground
water resources may also occur through the interchange between
zones of waters of differing chemical quality by means of

improperly constructed, modified, or destroyed wells.

Sovirces of Ground Water Impairment

Natural degradation of water quality from multiple sources
and causes has existed for many years prior to man's develop-
ment of the ground water resources of the San Diego Region.
Under natural conditions, the rocks and soils forming the
drainage area of a stream system determine the chemical char-
acteristic of surface rimoff and ground water stored in the
valley fill. Locally, highly mineralized tributary springs
and connate waters increase the quantity of chemical constit-
uents in recipient streams and, consequently, that of the
recharged ground water supply.

However, with the advent of man and consequent development of

the area, especially in the coastal portion of the San Diego
Region, impairment of the ground water supplies commenced.
Water quality studies by the Department have brought into
focus many of the sources of impairment of ground water qual-
ity. Major factors in the impairment of the chemical quality
of ground water in the coastal alluvium-filled valleys have
been declining water levels and overdraft conditions which
have resulted in sea-water intrusion and/or the upward or

lateral movement of connate water.

Other possible or potential sources of ground water impairment
include injudicious discharge of effluent from developed hot
springs; development of adverse salt balance conditions;
indiscriminate disposal of industrial and domestic wastes;
and application of chemical fertilizers.

Sea Water

Most of the water-bearing sediments along the coast of the
Region are in direct contact with the floor of the ocean or

an inland bay, that is, in hydraulic continuity. Where this
exists, sea-water intrusion is a present or potential threat
to the associated gro\ind water reservoirs. Before these
reservoirs were exploited, a seaward hydraulic gradient
existed, and excess fresh water from inland areas escaped
from springs near the beaches or from submarine springs off
the coast. Before 1900, use of ground water supplies was
relatively limited in California. However, rapid development
in the use of ground water since then has created many serious

problems, including overdraft and sea-water intrusion.
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Since 19^^? a continued ground water overdraft, due to increas-
ing agricultural, municipal, and industrial demands, and to
persisting drought, has lowered ground water elevations below
sea level along the seaward margins of many alluvium-filled
valleys. The accelerated development of these ground water
reservoirs within the last 20 years has, in some instances,
lowered the water table or piezometric surface to the extent
that the natural seaward freshwater hydraulic gradient has
"been reversed. As a result of this ground water overdevelop-
ment, the safe yield of the reservoirs has been exceeded and
sea water has intruded. Thus, extensive damage and large
economic losses have occurred.

Examples of sea-water intrusion are in the coastal portions
of the San Dieguito and Tia Juana River Valleys (Plate T).

The ground water is sodium chloride in character with a TDS
concentration greater than 2,000 ppm. (See Plates 9 and 10).

Connate Waters

Poor quality connate waters occur in some of the Tertiary
marine sediments in the coastal portion of the Region. These
waters may occur at depth in the sediments underlying the
alluvial deposits and in the sediments occurring in the coastal
mesa areas. In general, connate waters have been partially
flushed out by meteoric waters, resulting in a decreased TDS
concentration. For example, around the City of San Diego
ground water extracted from the San Diego Formation is sodium
chloride in character and generally has a TDS concentration
of about 600 to 1,600 ppm.

North of the City of San Diego, similar connate waters occiir

in the La Jolla Formation, which produces ground water pre-
dominant in sodiian chloride generally with 800 to 2,200 ppm
total dissolved solids. Connate waters held in the inter-
stices of marine sediments and sealed in by deposition of

overlying beds may appear in water pumped from deep wells.
Or it may appear in water pumped from wells where overdraft
has caused freshwater levels to decline sufficiently to allow
connate waters to migrate from the adjacent marine sediments.

In the coastal portion of the San Luis Rey River Valley, over-
draft conditions (Plate 7) have induced the migration of

connates from sediments of the La Jolla Formation.

Hot Springs

In highly faulted areas , hot springs exhibiting high mineral-
ization may flow upon the ground surface. The hot springs in
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some areas have been developed into mineral baths for health
resorts. The chemical concentration of these waters generally
exceeds the accepted domestic, irrigation, and industrial
standards. If the effluent from the hot springs is discharged
injudiciously to streams, it may impair the chemical quality
of surface water in the area. The waters may also percolate
directly into the alluvial sediments, causing direct impair-
ment of the ground water.

Adverse Salt Balance

Use of water increases the total amount of dissolved solids
by evaporation or by the addition of salts. The used water
becomes waste water. If it retiirns to the water supply, the
total dissolved solids concentration of the supply is increased.
If the return continues indefinitely, the gradual increase
caused by reuse and recirculation will eventually result in
impairment of the water quality for major beneficial uses.

"Salt balance" is a term that signifies the amount of dissolved
salts or constituents in a ground water reservoir in relation
to time. If the salts entering the supply exceed those removed,
the balance is called "adverse". If the opposite is true, the
balance is "favorable". If salt outflow is equal to salt in-
flow, salt balance is "maintained". Note, however, that it is
not related to the quantity of water available from the supply.

The hazards of pollution and contamination of a supply water
resulting from reuse or return of waste water depend on the
use to which the supply water is put. Impairment of quality
of ground water is long lasting and may be permanent if there
is no drainage from the ground water reservoir.

Degradation of water quality is f\irther accentuated by adverse
salt balance. Adverse salt balance is most pronoiinced in
areas of overdraft where the water supplies are used exten-
sively and in areas where there is little or no replenishment,
that is, where little or no movement of ground water from or
into the ground water reservoir takes place. In these areas,
the salinity caused by even relatively innocuous wastes may
build up dangerously over a period of years , thus rendering
the ground water increasingly less suitable for beneficial
uses. A favorable salt balance can often be maintained by
exportation of ground water from the basin, although this
could create overdraft conditions.

Multiple use and reuse of ground water increases the danger
of adverse salt balance. Percolation of dissolved fertilizers
and industrial wastes increases the mineral burden of the
water and decreases the possibility of restoring a favorable
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salt balance. Adverse salt balance in ground water is in

marked contrast to adverse salt balance in surface waters

in that the impairment of the quality of streams may be

alleviated by flood flows or corrected by discontinuing the

disposal of specific wastes.

Impairment of ground water quality due to development of

adverse salt balance is extremely difficult to ascertain,
and long-term records of chemical analyses of many wells are

necessary to confirm adverse salt balance conditions. Examples

of adverse salt balance conditions in the San Diego Region
exist in the Escondido and El Cajon areas.

Industrial and Domestic Wastes

Discharges of industrial and domestic wastes affect the chem-

ical quality and may constitute a source of pollution to the
ground water of the San Diego Region. Examples of groiind

water impairment in the San Diego Region from indiscriminate
waste disposal practices are as follows:

Boron . As a result of an investigation to determine possible
boron pollution due to the waste disposal operations of two
citrus processing and packing plants at Escondido, high boron
concentrations were detected locally in both surface and ground
water in 1951- The boron was traced to unusually high con-
centrations (^15 - 766 ppm) in unlined waste disposal pits
located adjacent to a minor tributary of Escondido Creek.
Although the citrus plants have not used the sumps since

1959 J the residual effect of the boron-rich percolating
waters has persisted in the ground water in the Escondido
area, being as much as 5 ppm in several wells. Waters con-
taining concentrations of more than 2.0 ppm are classified
injurious to unsatisfactory for irrigation.

Hexavalent Chromiiim . Discharge of rinse waters to the ground
surface and to a cesspool from chrome plating operations
resiilted in pollution of a portion of the ground water in
Murrieta. These discharges, which were halted in March 1956,
caused four wells in the immediate vicinity of the waste dis-
posal site to be polluted with hexavalent chromium in concen-
trations of up to 3 ppm. Eighteen other wells in Murrieta
and vicinity contained traces of hexavalent chromium.

Chemical analyses of samples from wells in the immediate
vicinity of the site on May 21, 1959} showed that three of
the four wells had hexavalent chromium concentrations of

0.12 to 0.35 ppm, which exceeded the Public Health Service
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Drinking Water Standards of 0.05 ppm. Although the residual

effect of the chromium wastes was evident in 1959, it had

decreased considerably from a maximxm of 3.0 ppm in 1956.

Water Softener Regeneration Brines . Locally, the disposal

of brine wastes from the regeneration of water softeners can

constitute a source of excessive contributions of sodium and

chloride ions to the ground water. The maximum increase of

sodium and chloride in domestic sewage due to the regeneration

water softeners is about 280 and U30 ppm, respectively, for

each house that has a private softener.

Nitrates. The discharge of domestic wastes through the use

of cesspools, septic tanks, and leach lines has locally

resulted in high nitrate concentrations throtighout much of

the San Diego Region. This is especially true where there

is a deficiency in precipitation and little ground water move-

ment to flush out the water-bearing materials. In some of the

larger, relatively densely populated areas such as Fallbrook,

Escondido, Lakeside, and El Cajon, the nitrate ion concentra-

tion of ground water from selected wells exceeds the Public

Health Service Drinking Water Standards of i+5 ppm (Plates llA

and IIB). Between 1951 and 1963, the nitrates varied from U5

to more than 300 ppm from individual wells in these communities,

In addition to nitrates being derived from discharges of domes-

tic wastes, the application of chemical fertilizers and the

wastes from stock also probably account for nitrates being

added to ground water.

Alkyl Benzene Siafonate (ABS) . Locally in the Region, con-

centrations of alkyl benzene sulfonate (formerly a constituent

of most household detergents and commonly known as ABS) have

caused foaming both in surface and ground water. However,

with the changeover from ABS, a "hard type" detergent, to LAS

(linear alkyl sulfonate) a "soft type" detergent which is

biologically degradable, foaming has diminished.

As little as 0.5 ppm of ABS in a water supply will cause

foaming when the water is drawn from the household tap,

especially if the faucet has a screening device to cause

agitation. Foam has been observed in such streams as

Escondido Creek, San Diego River, and Sweetwater River.

Chemical Fertilizers

In intensively developed irrigated agricultxoral areas, various

types of fertilizer compounds are added to the soil to increase
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crop production. The application of chemical fertilizers to
agricultural lands has at least locally affected the chemical
quality of ground water in the San Diego Region. Chemical
fertilizers that are now or were extensively used in the past
are compounds high in ammonium, sulfate, nitrate, and phos-
phate. These compounds are primarily used to add nutrients
to the root zone in an available form for crop utilization
and to condition the soil. Truck crop areas generally utilize
2,000 to 3,000 pounds of fertilizer per acre, per year, where-
as orchard areas generally utilize 200 to 300 pounds of fertil-

izer per acre, per year. The amount of soluble ions that will
go into the ground water will depend upon: (l) the crop,

(2) tillage practice, (3) type of fertilizer, {k) quantity
and quality of applied water, (5) organisms in the soil,

(6) climatic conditions, and (T) soil characteristics.

Excess nitrates and sulfates that have been leached from the
root zone are carried down into the ground water through
irrigation. However, it should be emphasized that nitrates
in the ground water of the San Diego Region probably have
been derived largely from domestic wastes.

Influences of Supplemental Waters

The influences of supplemental waters must be considered in

evaluating the present and future chemical quality of ground
water in the San Diego Region. These include present use of

imported Colorado River water, potential use of imported
Northern California water, greater use of reclaimed waste
water, and planned use of desalinized water.

Colorado River Water

The quantity of Colorado River water imported into the San
Diego Region since 19^7-^8 to meet the needs of the area has
paralleled the increase in population and industrial growth.

The chemical character of this water is generally calciimi-

sodium sulfate to sodium-calcium sulfate with a total dis-
solved solids concentration of 65O to 85O ppm. Imported water
is very different chemically from native water in most of the
San Diego Region. The historical change in chemical character
of water in storage in San Vicente and Sweetwater Reservoirs
(Plate 10) clearly shows the influence of Colorado River water
on the natural runoff. Not only has the chemical character of

water stored in these lakes and reservoirs changed, but the
total dissolved solids have also increased threefold. In addi-
tion, the importation of this water has locally modified the

chemical character of groimd water as well as surface water.
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Northern California Water

Importation of Northern California water to the San Diego

Region will commence in 1972. This water will be diverted

from the delta of the San Joaquin-Sacramento Rivers and con-

veyed to Southern California through canals and pipelines of

the State Water Project. Facilities will be constructed to

ensure passage of higher quality Sacramento River water across

the delta to the point of diversion.

The water quality objectives for water delivered to Southern

California from the State Water Project are that, for any

10-year period, water will not exceed the concentrations for

total dissolved solids of 220 ppm, total hardness of 110 ppm,

chlorides of 55 ppm, sulfates of 20 ppm, and ko percent sodium.

The concentrations of chemical constituents dissolved in the

imported water in general will be lower than that found in

most ground water in the San Diego Region.

Importation of Northern California water should result in the

amelioration of the chemical quality of the water resources

of the San Diego Region. However, it should be noted that

water is imported to the Region by the San Diego County Water

Authority and the Orange County Municipal Water District

(San Juan-Trabuco area). These agencies are now delivering

Colorado River water obtained from the Metropolitan Water

District. The mixture and therefore the quality of imported

waters delivered to the Region by these agencies after comple-

tion of the State Water Project cannot be described at this

time.

Reclaimed Waste Water

The chemical quality of ground water is also affected by dis-

charge of waste water treatment plant effluent. Reclamation

of waste water from treatment plants has recently been a sub-

ject of discussion in coastal San Diego County (DWR Bulletin

No. 80-2). The effluent from waste water treatment plants

has been utilized directly or indirectly for irrigation, ground

water recharge, and recreation in the Region. The most sig-

nificant factor affecting the chemical quality of a waste water

is the quality of the original supply water. However, because

of the addition of chemical constituents through domestic and

industrial uses, the chemical content of a waste water is

higher than that of the supply water. Conventional waste

water treatment does not appreciably affect the chemical

quality.

In the coastal portion of the San Diego Region, the major

part of which lies within the San Diego County Water Authority
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service area, about 80 percent of the water supply is Colorado
River water. Therefore, the chemical quality of the supply
water and the waste water is strongly influenced hy the chem-
ical quality of Colorado River water, with varying minor
influences from other local sources.

The normal range of increase of chemical constituents by
waters used for domestic purposes is presented in Table 9-

The influence of waste water effluents from treatment plants
(Plates 10, 11, 12, and 13) clearly appears in surface flow
or in groimd water in portions of the San Diego River, Tia
Juana River, Escondido Creek, San Luis Rey River, and San
Dieguito River Valleys. It should be pointed out that most
of the waste water treatment plant effluent in the San Diego
Region is currently being discharged to the ocean through
sewer outfalls. In recent years, however, an increasing num-
ber of reclamation projects have adopted planned waste water
reclamation practices for recreation, irrigation, and ground
water recharge. Among these projects are the well-known
recreational lakes at Santee and ground water replenishment
facilities at Whelan Lake near Oceanside.

Desalinized Water

As discussed in Chapter III, it is planned to use desalinized
water in the south coastal portion of the San Diego Region as

a supplemental source of supply, and to blend it with water
from other sources.

TABLE 9

INCREASE IN CHEMICAL CONCENTRATIONS
RESULTING FROM DOMESTIC USES*

Constituent jParts per million." Constituent iParts per million

SOi^ 15 - 30

CI 20 - 50

N 20 - i+0

P 20 - i+0

B 0.1 - O.k

TDS



CHAPTER VI, WATER RESOURCES OF THE HYDROLOGIC UNITS

This chapter presents a description of the water resoxirces

for each of the 11 hydrologic units in the San Diego Region.

In addition, a description of each of the ^h subunits (see
Plate 1) is presented in Table 10. Physiographic boundaries
are discussed in Chapter II.

This chapter shoiild be reviewed in conjunction with the
plates , figures , and appendixes that form the basis for
this report on the San Diego Region.

SM JUM HYDROLOGIC Ul^IT (Z-Ol.OO)

San Juan Hydrologic Unit (Unit l) is a trapezoidal-shaped area
of about 500 square miles (Plate l). A significant portion of
this unit is taken up by the Camp Pendleton Marine Base, which
contains a large military population. Laguna Beach, San Juein

Capistrano, Capistrano Beach, and San Clemente are other major
population centers. Several smaller towns are scattered along
the coast. The major land use is military, with urban- suburban
development and irrigated agriculture as secondary uses.
Recently, however, urbanization has been accelerated with the
building of extensive new housing tracts.

Mamy streams drain this unit, the largest being San Juan,
San Mateo, San Onofre , and Aliso Creeks. In general, annual
precipitation is slightly higher in this unit than in most
of the southern imits of the Region, ranging from less than
12 inches near the coast to 30 inches close to the eastern
boundary (Plate 5)- Information on the subunits of the
San Juan Hydrologic Unit is presented in Table 10.

Unit 1 occurs in both the coastal plain and mountain-valley
physiographic sections. The coastal plain section is 12 to
15 miles in width. It is composed of Upper Cretaceous eind Mio-
Pliocene marine sediments which have been incised and backfilled
with Recent alluvium (Plates 2A and 3A). The alluvium, up to
200 feet in thickness (Plate ^A) , is the major water-bearing
sediment. The Capistrano and San Mateo Formations are locally
water bearing, but the other pre-Quaternary sediments in this
unit are essentially nonwater bearing.

The northeastern portion of the unit (mountain-valley section)
is composed principally of crystalline rocks (tonalites,
granodiorites , and metamorphic rocks) along with associated
areas of residuiom. The residuum and fractured crystalline
rocks axe the chief water-bearing materials in this part of
the unit. Residuum overlying the fractured rocks attains
thicknesses in some areas of 100 feet.
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Groimd water in hydrologic Unit 1 is obtained from more than

150 wells drilled mainly in the alluvium (Plate 6A ) . Depth to

water in these wells is generally less than 50 feet (Plate 8a).

The chemical character of water produced from the alluviiom in

the San Juan Creek drainage system (San Juan and Arroyo Trabuco
Creeks) is generally calcium sulfate toward the coast and cal-
cium bicarbonate inland (Plate llA). The sulfate is probably
derived from gypsiferous deposits occurring within the Miocene
maxine sediments in the adjacent highlands. Riinoff picks up
the sulfate (Plate 10) from these sediments and carries it

into the Quaternary alluvium.

In general, the concentration of the total dissolved solids
of ground water produced from alluviiom in the San Juan Creek
drainage system ranges from about 250 to more than 2,000 ppm
(Plate 9A) with concentrations increasing progressively down-
stream. These increases can probably be attributed in part
to increased utilization. Water produced from the alluvium
in San Mateo and San Onofre Creeks is of a calcium-sodium
bicarbonate-chloride character. Here, the total dissolved
solids content ranges from 250 to 750 ppm.

Around Las Flores Mission, the water appears to be strongly
influenced by magnesiiim. The presence of magnesiimi can

Juan Creek Drainage System
in Unit 1, January I966

Recently, urbanization has been accelerated
with the building of extensive new housing tracts.



probably be attributed to the glaucophane schists associated
with the San Onofre Breccia.

Ground water around San Mateo, San Onofre, and Las Flojres

Mission is generally rated suitable for domestic uses. It

is also generally rated suitable for irrigation, except at

Las Flores Mission where it is marginal. This is because
of its high chloride ion concentrations.

The rating of ground water for domestic uses (Plate 12A) in the
vicinity of San Juan Creek and Arroyo Trabuco Creek is mainly
marginal to inferior with water of suitable rating being pres-
ent inland. High sulfate ion concentrations are responsible
for these marginal and inferior ratings. In this same area,
the ground water is rated as suitable to marginal (Plate 13A)
for irrigation, with that in occasional localized areas rated
as inferior. The marginal and inferior ratings are due to high
electrical conductivity and high chloride concentrations.

SANTA MARGARITA HYDROLOGIC UNIT (Z-02.00)

Santa Margarita Hydrologic Unit (Unit 2) is a rectangular-
shaped cirea of about 750 square miles (Plate l). Included
in it are portions of Camp Pendleton as well as the civilian
population centers of Murrieta, Temecula, and part of Fallbrook.
The unit is considered to be largely \inpopulated in that the
population centers are small in size as compared to the areal
extent of the unit.

This hydrologic unit is drained largely by the Santa Majrgarita

River, Murrieta Creek, and Temecula River. The major surface
water storage areas are Vail Lake and O'Neill Lake. Annual
precipitation ranges from less than 12 inches near the coast
to more than 25 inches inland near Palomar Mountain (Plate 5).

Additional information concerning individual hydrologic sub-

units is shown on Table 10.

The Santa Margarita Hydrologic Unit lies predominately in the
moiHitain-valley physiographic section. A small strip of the
coastal plain physiographic section occurs mainly in the Camp
Pendleton area. This coastal strip is composed of Eocene
sediments (La Jolla Formation), which are cut by alluvium-
filled valleys. The alluvium, which varies from 150 to 200
feet in thickness (Plate hk) is the principal water-bearing
formation in this portion of the unit.

East of Camp Pendleton, the rocks vary from tonalites, grano-
diorites, gabbros , and metamorphic rocks to residuum, alluvitmi,

and Pleistocene nonmarine sediments (Temecula Arkose), as shown
on Plates 2A and 3A. Principal water-bearing materials are

-113-



Northwest from Radec Towaxd
Vail Lake in Unit 2, January 1966

The unit lies predominately in the
mountain-valley physiographic section.

alluvium, Temecula Arkose, and residuiim. The residuijm, how-
ever, has "been largely dewatered, and fractiired crystalline
rocks are now being utilized for water production in many areas.
On the other hand, the thick Pleistocene nonmarine sediments
(some water wells have been drilled more than 2,000 feet deep)
represent a potentially large supply of ground water.

This discussion is based on information obtained from more
than 100 wells (Plate 6a) in Unit 2. Depths to water vary
widely, but most are less than 75 feet (Plate 8a).

As shown on Plate llA, the chemical character of ground water
near the coast is predominately sodiiom chloride, and that of
water inland is sodi-um bicarbonate (Temecula-M\arrieta area)
and calcium bicarbonate (Anza Valley). The total dissolved
solids content (Plate 9A) ranges from more than 5,000 ppm near
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the coast to about 250 ppm in the Temecula-Murrieta area.

There are, however, local areas of high TDS content (T50 ppm)

near Murrieta and Temecula which probably reflect the influence
of water from hot springs. Locally, water rises and issues

forth along the northwesterly trending fault zones which
traverse the unit. The deep-seated origin of this water is

indicated by its high temperature, sodiiim chloride character,

high percent sodium, high chloride, and relatively high fluor-
ide content. These springs contribute chloride both to the
ground water (Plate llA) and to the surface water (Plate 10).

Sea-water intrusion along the coast is indicated by the sodiiom

chloride character of the extracted ground water and a TDS
content of more than 5,000 ppm. The predominant chloride ion

in the groiind water around Fallbrook and the high nitrate and
sulfate content can probably be attributed in part to local
domestic waste disposal and irrigation practices.

Ground water in the coastal plain section of Unit 2 is gener-
ally rated as inferior for domestic uses (Plate 12A) because
of a high total dissolved solids content, and that around
Fallbrook is inferior because of high nitrate and sulfate

content. However, a large portion of Unit 2 contains ground
water that is suitable for domestic uses.

Irrigation use ratings (Plate 13A) indicate that the ground
water is generally suitable for agriculture altho\igh locally
it is rated marginal to inferior. Along the coast the ground
water is rated as marginal to inferior due to the high chloride
content. East of the Temecula-Murrieta area and the Radec area
the ground water is locally rated marginal to inferior because
of high chloride content and high percent sodium.

SAN LUIS REY HYDROLOGIC UNIT (Z-03.00)

San Luis Rey Hydrologic Unit (Unit 3) is a rectangular-shaped
area of about 565 square miles. It includes the population
centers of Oceanside, San Luis Rey, and Valley Center as well
as portions of Fallbrook and Camp Pendleton. In addition,
there are several Indian reservations in the unit. The major
stream system, the San Luis Rey River, is interrupted by Lake
Henshaw, one of the largest water storage areas in the San
Diego Region. However, due to the regional lack of rainfall.
Lake Henshaw was only ^+.5 percent full in May I965 (Table 3).

Land in this unit is used mainly for irrigated agriculture,
with urban uses increasing seaward. Annual precipitation is

heavier than in the other units, ranging from less than
12 inches near the ocean to ^5 inches near Palomar Mountain
(Plate 5)- Table 10 describes the subunits in Unit 3.
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Unit 3 occurs almost entirely in the moimtain-valley physio-
graphic section with a small strip along the ocean in the
coastal plain physiographic section. The coastal plain sec-
tion is composed of Eocene marine sediments (La Jolla Forma-
tion), which are cut by alluvium-filled valleys (Plate 2A)

.

The alluviimi reaches a msLximum thickness of about 200 feet
toward the coast (Plates 3A and Ua) , where it is the major
water-bearing rock type although some ground water is also
extracted from the Eocene sediments.

The mountain-valley section is composed of tonalites, gabbros

,

granodiorites , and metamorphic rocks, with large valley areas
filled with alluvium and Pleistocene nonmarine sediments. The
principal water-bearing units are the Pleistocene nonmarine
sediments (Pala Fanglomerate and Temecula Arkose) , which reach
a thickness of UOO feet in the Pa\ima area (Plate kA) and 900
feet in the Warner Ranch area. Ground water is also extracted
from fractured crystalline rocks and residuum.

The production of ground water in Unit 3 is obtained from more
than 250 wells , drilled mainly in the alluvium and Pleistocene
nonmarine sediments along the San Luis Rey River Valley.
Depths to water from the ground surface (Plate 8a) are vari-
able, but generally they occur within a range of depths less
than 25 feet to more than 100 feet. In the coastal section,
wells penetrate the alluvium to a maLximum depth of about 200
feet. In the Pauma area, wells have been drilled as much as

UOO feet deep into the Pala Fanglomerate, and in the Lake
Henshaw area, wells more than 900 feet deep have been drilled
into the Temecula Arkose (Plate 3A) .

The character of the water in the coastal plain section is

generally sodium-calcium chloride (Plate llA) with a total
dissolved solids content that ranges from 500 to more than
5,000 ppm (Plate 9A). This reflects sea-water intrusion or
connate water invasion.

Further inland, the water becomes calcium sulfate in character.
The sulfate ion can probably be attributed in part to the
weathering of pyrite and associated minerals within the crys-
talline rocks, discharge of hot springs, use of chemical
fertilizers, and importation of Colorado River water.

In the Pala-Pauma area, the ground water is calcium bicarbo-
nate in character, and in the Valley Center area, it is sodium
bicarbonate. Around Lake Henshaw, the ground water character
is also calci\;im to sodiimi bicarbonate with some sulfate and
chloride present due to the influence of Warner Hot Springs
and associated springs along fault zones. Lake Henshaw con-
tains runoff of a sodium-calcium bicarbonate character which
has a relatively low total dissolved solids content (Plate lO).
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The chemical quality of water in the lake is indicative of the

surrounding crystalline rocks (Plate 2A) in the watershed.

The ratings of ground water for domestic use (Plate 12A) in

the coastal plain section are largely marginal to inferior

"because of a high total dissolved solids content; however,

there are local areas rated as suitable. Farther inland,

ratings of ground water for domestic purposes are essentially
marginal to inferior because of high sulfate content. Ground

water in the Pala-Pauma area is generally rated as suitable.

Groiind water in the vicinity of Lake Henshaw is rated as suit-

able for domestic use, but that around Warner Hot Springs is

rated as inferior because of the high fluoride content.

Ratings of ground water for irrigation use (Plate 13A) are
generally marginal to inferior in the coastal plain section
and in the Bonsall area because of the high electrical Con-

ductivity and high chloride content. In the rest of the
hydrologic unit , ratings of ground water for irrigation

Elsinore Fault Zone Traversing
Unit 3 , January 1966

The San Luis Rey River is interrupted by Lake

Henshaw, one of the largest water storage areas in the Region.

-IIT-



purposes are essentially suitable, except around the hot

springs where high percent sodium leads to inferior ratings.

CARLSBAD HYDROLOGIC UNIT (Z-OU.OO)

Carlsbad Hydrologic Unit (Unit I4) is a somewhat triangular-

shaped area of about 210 square miles , extending from Lake

Wohlford on the east to the Pacific Ocean on the west, and

from Vista on the north to Cardiff-by-the-Sea on the south.

The unit includes within its boundaries the towns of

Oceanside, Carlsbad, Leucadia, Encinitas, Cardiff-by-the-Sea,
Vista, and Escondido. In the developed area, land use is

nearly equally divided between irrigated agriculture and
urban-residential.

The area is drained by Buena Vista, Agua Hedionda, San Marcos,
and Escondido Creeks. Annual precipitation varies from less

than 11 inches near Cardiff-by-the-Sea to 20 inches near Lake
Wohlford as shown on Plate $• The major storage area for this
unit is Lake Wohlford. Table 10 presents information concern-
ing the subunits within Unit k.

Unit k occiirs both in the coastal plain and mountain-valley
physiographic sections. The coastal plain section consists
of a strip about 10 miles wide. The topography is relatively
flat and averages about 500 feet in elevation. Pleistocene
and Eocene marine sediments (La Jolla Formation) are the domi-
nant rock types in this area (Plate 2B). The valleys incised
in these sediments have been subsequently backfilled with
Recent alluvium. Alluvium and the La Jolla Formation are the

major water-bearing sediments in the coastal plain section.
Here, the alluviijm probably attains a maximum thickness of
more than 100 feet

.

East of the coastal plain section elevations range from 500

to 2,500 feet. This portion of the unit is composed largely
of crystalline rocks , including metamorphic rocks on the west
and tonalites and granodiorites on the east. The major water-
bearing formations in this portion of the unit are fractured
crystalline rocks and residuum.

Production of ground water is from more than 100 wells
(Plate 6B) located largely in the Escondido area. Depths to
water in this unit are generally 50 feet or less (Plate 8b).
Water production in the coastal area is mainly from alluvium
and the La Jolla Formation. In the vicinity of Escondido,
production is largely from the residuum and fractured crystal-
line rocks. The wells drilled in the Escondido area are
generally less than I50 feet deep, although some wells have
been drilled to depths of more than 200 feet (Plate 3B).
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California Division of

Highways
Batiquitos Lagoon Formed at the

Mouth of San Marcos Creek in Unit h,

January I962
Land use is nearly equally divided

between irrigated agriculture and urban-residential

The ground water that occurs in the coastal plain section of
Unit h is generally sodium chloride in character (Plate IIB)
and has a concentration of total dissolved solids that ranges
from 500 to 5,000 ppm (Plate 9B).

This chemical character is probably the result of brackish
waters that occurs in the lagoons. However, it may be the
result of sea water and connate water migrating into the
alluvium-filled valley areas because of overextractions of

the ground water reservoirs.
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In the Escondido area, the chemical character of the ground
water is generally sodium chloride with subordinate magnesium,
calcium, bicarbonate, and nitrate ions. The total dissolved
solids content, like the chemical character, is variable and
ranges from about 250 to more than 5,000 ppm. The sodium
chloride character of the ground water can be largely attrib-
uted to local domestic waste disposal practices. In addition,
the sodium chloride-sulfate character of surface flow in

Escondido Creek (Plate lO) is a result of effluent releases
from the waste water treatment plant at Escondido.

Subordinate ions of magnesiijm and calcium in the ground water
near Escondido are related to the geologic environment.
Magnesium ions, for example, can be roughly correlated with
the gabbroic rocks (Plate 2B) in the Escondido-San Marcos
area. The relatively high nitrate concentrations in the
Escondido area are attributed largely to local domestic
waste disposal practices and in part to the application
of chemical fertilizers.

Ratings of ground water for domestic use (Plate 12B) in the
coastal plain section range from suitable to inferior. The
marginal and inferior ratings are due to a high total dis-
solved solids content along with high nitrates or high sul-

fates in local areas. Inland, around Escondido, ground water
is generally rated as suitable or inferior for domestic pur-

poses with the inferior ratings usually being due to a high
nitrate content.

Ratings of ground water for irrigation use (Plate 13B) for
this unit are generally marginal to inferior because of a high
electrical conductivity and high chloride. Locally, however,
there are areas where the groimd water is rated suitable.

SM DIEGUITO HYDROLOGIC UUIT (Z-05.00)

San Dieguito Hydrologic Unit (Unit 5) is a somewhat rectangu-
lar-to elliptical-shaped area of about 350 square miles.
The unit includes the San Dieguito River and its tributaries,
along with Santa Ysabel and Santa Maria Creeks. It contains
the population centers of Ramona, Santa Ysabel, San Pasqual,
Escondido, Solana Beach, and Del Mar. The developed area is

used primarily for irrigated agriculture with minor urban
uses. The unit contains two major reservoirs — Lake Hodges
and Sutherland — which were 5-0 and 12.3 percent full,

respectively, as of May I965 (Table 3). The annual precipi-

tation ranges from less than 11 inches along the coast to

30 inches just east of Sutherland Reservoir (Plate 5). Addi-
tional information concerning the subunits within Unit 5 is

presented in Table 10.
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Unit 5 lies almost entirely in the mountain-valley physio-

graphic section with a small portion in the coastal plain

physiographic section. The coastal plain section consists

of the Eocene marine La Jolla Formation. These sediments

are in part capped by Pleistocene marine sediments , which

have been incised by the San Dieguito River. The alluvial

sediments of the San Dieguito River Valley form an important

water-bearing formation, as is the La Jolla Formation which

locally contains intercalated gypsum beds. The thickness of

the alluvium varies , and it reaches a maximum of about 200

feet near San Pasqual (Plate Ub).

Further inland, the mountain-valley section is composed largely

of crystalline rocks (Plate 2B): mainly tonalites and grano-

diorites with some metamorphic rocks, gabbros , and diorites

in the easternmost portion of the area. Where fractured and

covered by thick residuum, these crystalline rocks are an

important source of water. The residuum varies in thickness

with the thickest occurrences found in the intermontane basins,

such as at Ramona and Santa Ysabel.

More than 250 wells (Plate 6b) provided the information neces-

sary for the evaluation of Unit 5- Depths to water in the

coastal plain section are generally less than 25 feet to more

than 100 feet. Inland, in the moimtain-valley section, depths

are usually less than 50 feet (Plate 8B). Ground water is

produced from the alluvium and the La Jolla Formation in the

coastal plain section and from alluvium, residuum, and frac-

tured crystalline rocks in the inland areas . Most of the

wells in residuum are located in the vicinity of Ramona.

Wells drilled in the alluvium generally do not exceed 200

feet in depth; but in the crystalline rocks, they have been

drilled to a depth of 800 feet and in the La Jolla Formation

to nearly 1,000 feet (Plate 3B).

Ground water from the alluvi\am is generally sodium chlo-

ride in character with influences from calcium and bicar-

bonate ions becoming evident farther inland (Plate IIB).

The total dissolved solids content declines from more

than 5,000 ppm near the coast to less than 500 ppm inland

(Plate 9B).

Water from the La Jolla Formation is generally sodium to

calciimi chloride in character. The total dissolved solids

content generally exceeds 1,000 ppm. This chemical character

and total dissolved solids content indicates that connates

from these Eocene sediments had been partially flushed out

by waters of meteoric origin. Historically, there has been

production of ground water from a number of wells in the

La Jolla Formation adjacent to the San Dieguito River. Data

from these wells suggest a greater movement of connate waters
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toward the river from further hack in the mesa areas . Over-

extractions of groimd water from the alluvium-filled valley
of the San Dieguito River have caused a landward gradient of

the water table (Plate 7), which has resulted in sea-water

intrusion and connate-water invasion.

Inland, east of Lake Hodges, the major ions are sodiimi cal-

cium, chloride, and bicarbonate, which reflect the influences

of local waste disposal practices and geologic environment.
The water around Ramona is essentially sodium chloride in

character, reflecting local waste disposal practices and the

influence of waste water treatment plant effluent. Further

Del Mar in Unit 5, January I966



inland, the ground water is mainly calcium bicarbonate
in character (Plate IIB).

Magnesium ions are either major or subordinate constituents
of the ground water in local areas, such as north of Lake
Hodges and south of Sutherland Reservoir. This is believed
to be directly related to the proximity of gabbroic rocks
in the highlands. Sutherland Reservoir, which is located
adjacent to gabbroic rocks, has historically contained r\in-

off in which magnesium was either the major or subordinate
ion (Plate 10),

Ratings of grovind water for domestic uses in the coastal
plain section are largely inferior because of a high total
dissolved solids content and a high sulfate content (Plate
12B). Inland, ratings are generally suitable except for
local areas such as north of Lake Hodges and Ramona where
high nitrate and high sulfate concentrations have caused
the ground water to be rated as marginal to inferior for
domestic piirposes.

Irrigation use ratings (Plate 13B) of ground water are mainly
inferior in the coastal plain section because of a high elec-
trical conductivity and high chloride. Groimd water in the
interior is generally rated as suitable except locally where
it is rated marginal because of high chloride.

PENASQUITOS HYDROLOGIC UNIT (Z-O6.OO)

Penasquitos Hydrologic Unit (Unit 6) is a triangular-shaped
area of about 170 square miles , extending from Poway on the
east to La Jolla on the west. There are no major streams in
this unit although it is drained by numerous creeks. Miramar
Reservoir, the major storage facility, contains only imported
Colorado River water (Table 3). Annual precipitation ranges
from less than 8 inches along the ocean to I8 inches inland
(Plate 5)' Poway, La Jolla, Clairmont , and Linda Vista are

the major population centers. The University of California
at San Diego, established in I96O, has a campus of more than
1,000 acres. Much of the area is used by Camp Mathews, Camp
Elliott, and Miramar Naval Reservation. Excluding the part
used by the military, most of the area is utilized for urban
purposes. Information pertaining to the subimits of Unit 6

is presented in Table 10.

Most of Unit 6 lies within the coastal plain section, except
for the northeastern portion which lies within the mountain-
valley section. The dominant rocks (Plate 2B) within the
coastal plain section are the Eocene marine sediments (La Jolla
Formation) which are in part overlain by a relatively thin
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La Jolla in Unit 6, January I966

Most of the unit lies within
the coastal plain section.

cover of Pleistocene marine deposits. The area is incised

by nijmerous canyons that are partially filled with alluvial

deposits

.

In the northeasternmost portion of the unit, the predominant
crystalline rocks (tonalites, granodiorites , and metamorphic

rocks) are locally overlain by a relatively thick cover of

residuum. In the Poway area, residuum has a maximum thickness
of approximately TO feet. The alluvium is about 110 feet

thick in some of the coastal canyons, and the Eocene sediments

are more than 8OO feet thick (Plate 3B).
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Data from more than 70 selected wells (Plate 6B), located

mainly in the northwestern part of the unit and in the Poway

area, were utilized for the study of this unit. These wells

are usually less than UOO feet deep. They produce water mainly

from alluvium and the Eocene La Jolla Formation, with depths

to water (Plate 8B) generally occurring at less than 50 feet.

The character of the water (Plate IIB) in the coastal area

of Unit 6 varies. Usually it is a sodium chloride water with

a total dissolved solids content (Plate 9B) ranging from

1,500 to 5,000 ppm. In the Poway area the water is predomi-

nantly sodium chloride in character with secondary influences

of sulfate. The total dissolved solids content of the ground
water ranges from 750 to 1,500 ppm.

The prevailing sodium chloride character of the ground water
found both in the mesas and alluvium-filled valleys of this

unit can be largely attributed to connate waters , as in the

coastal area; and local waste disposal practices, as in the

Poway area.

The marked influence of sulfate in ground water locally in the

coastal plain section is probably due in part to the influence

of intercalated gypsimi beds in the La Jolla Formation.

Ground water in the coastal plain section is generally rated

suitable to inferior for domestic purposes (Plate 12B), with

a high sulfate and total dissolved solids content causing the

marginal to inferior ratings. The marginal rating of ground

water for domestic purposes in the inlaxid areas is generaJ.ly

due to the high total dissolved solids content.

Ground water toward the coast is generally rated marginal to

inferior for irrigation because of a high chloride ion con-

centration and a high electrical conductivity (Plate 13B).

In the area around Poway, ground water is rated suitable to

inferior for irrigation, with the marginal and inferior

ratings being due to a high chloride content.

SM DIEGO HYDROLOGIC UNIT (Z-07.00)

San Diego Hydrologic Unit (Unit 7) is a wedge-shaped area

of about kkO square miles drained by the San Diego River.

El Capitan, San Vicente, Cuyamaca, Chet Harritt, and Murray
Reservoirs are the major storage facilities. San Vicente

Reservoir (terminus of the First San Diego Aqueduct), Murray
Reservoir, and Chet Harritt Reservoir store mainly Colorado
River water; whereas El Capitan mainly stores local runoff
and some Colorado River water, and Cuyamaca Reservoir stores

only local runoff (Table 3).
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Much of the impounded water is used to serve major population
centers, including a portion of the San Diego metropolitan
area and the commiinities of El Cajon, Santee, Lakeside, Alpine,
and Julian. Utilization of the land is largely for urban
residential purposes with agricultural uses heing secondary.
Annual precipitation ranges from less than 11 inches at the
coast to about 35 inches around Cuyamaca and El Capitan
Reservoirs. Information on the subunits in Unit 7 is pre-
sented in Table 10.

The terraced coastal plain section, consisting largely of the
Eocene Poway Conglomerate with lesser amounts of alluviimi,

has been incised by the San Diego River (Plate 2B). Allu-
vium near the mouth of the San Diego River is approximately
100 feet thick while that near Lakeside attains a thickness
of about 200 feet (Plates 3B and Uc).

Inland, in the mountain-valley section, the dominant crys-
talline rocks consist mainly of tonalites and metamorphic
rocks. In addition, there are scattered areas of residu\mi

and alluviimi.

More than 250 selected wells, located largely in the El Cajon
area (Plate 6b), provided the data for the study of Unit T.

Depths to water in this unit are generally less than 50 feet
(Plate 8b) except for a few areas such as east of Lakeside
where depths to water are greater than 75 feet. Wells drilled
in the alluviijm-filled valley near the coast are usually no
more than 75 feet deep, but those in the inland area, west
of Lakeside, are generally drilled more than 100 feet deep.

In addition, some wells have been drilled to depths in excess
of 500 feet in fractured crystalline rocks.

The character of the ground water (Plate IIB) in the coastal
plain of Unit 7 is sodium-calcium chloride with a total dis-
solved solids content (Plate 9B) that ranges from 500 to

5,000 ppm.

In the vicinity of Lakeside and El Cajon, the water is gener-
ally sodiian chloride in character; however, the presence of
sulfate and magnesi\am ions is notable. The sulfate ions are
believed to be due to the use of Colorado River water, local
irrigation practices, and geologic environment. The presence
of magnesium ions is probably due to the presence of Green
Valley Tonalite (Plate 2B) which is relatively high in
magnesium.

In addition, the dominant sodium and chloride ions in the
ground water around Lakeside and El Cajon appear to be from
deep-seated hot springs and sewage effluent in conjunction
with local waste disposal practices.
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Scattered data available for the far inland area indicate the
dominance of calcium and magnesium ions. The dominance of

these ions is attributed to the presence of gabbroic rocks.

The character of runoff in Cuyamaca Reservoir has tended to
be calcixjm-magnesivim bicarbonate (Plate 10) which is also
indicative of rock type in the watershed. However, the
character of water in the other reservoirs has been strongly
influenced by the importation of Colorado River water.

The ratings of ground water for domestic use (Plate 12B) in
the coastal plain section are generally marginal to inferior
because of the high total dissolved solids content. Ground
water in the vicinity of El Cajon is rated suitable or infe-
rior for domestic purposes. The inferior rating for domestic

El Capitan Reservoir in Unit 7,
January 1966

El Capitan mainly stores local
runoff and some Colorado River water.
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use is due to a high nitrate content. In the vicinity of
Lakeside, ground water is rated suitable to inferior for

domestic purposes. The marginal and inferior ratings are
due mainly to high total dissolved solids content and a

high sulfate concentration. Ground water in the far inland
mountain-valley section is generally rated as suitable for
domestic purposes.

Ratings of ground water for irrigation use (Plate 13B) in the
coastal section are generally inferior because of high elec-
trical conductivity and a high chloride concentration. Rating
of ground water in the El Cajon area is generally marginal to
inferior for irrigation purposes because of high chloride.
Around Lakeside, ground water is rated suitable to inferior,
with the marginal and inferior ratings due to a high chloride
content

.

CORONADO HYDROLOGIC UNIT (Z-O8.OO)

Coronado Hydrologic Unit (Unit 8) is a triangular-shaped
area of about 60 square miles with no major stream system.

It is bordered on the north, roughly, by the watershed of

the San Diego River and on the south, in part, by that of

the Sweetwater River. The major population center is the

City of San Diego. Nearly all the area is occupied by urban
residential and industrial developments. The unit is rela-

rively dry with an annual precipitation of less than 11 to

13 inches (Plate 5). Additional information on Unit 8 is

presented by subunits in Table 10.

Except for the Point Loma area, which consists of the upper
Cretaceous Chico Formation, the terraced coastal plain sec-
tion is underlain by the Pliocene San Diego Formation and the
Eocene Poway Conglomerate (Plate 2C). Marine Pleistocene
deposits cap these older sediments except where incised by
alluvi\am-filled canyons. As shown on Plate 3C, several wells
penetrate the San Diego Formation and underlying Poway
Conglomerate to depths of about 8OO feet.

Well data from Unit 8 are sparse. Production of ground water
has been obtained from wells drilled into the Tertiary sedi-
ments. Depth to water in these wells is more than 100 feet
(Plate 8C).

The character of the ground water is essentially sodium
bicarbonate and sodiimi chloride (Plate IIC). Deep wells
in the Poway Conglomerate produce bicarbonate water and
shallow wells in the San Diego Formation produce chloride
water. The chloride water probably reflects the marine
origin of the San Diego Formation (connate waters), while
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National City, Looking East to
San Diego, in Unit 8, January I966

The major population center
is the City of San Diego.

the bicarhonate water reflects the continental origin of the
Povay Conglomerate or indicates that it has been partially
flushed. The ground water from these two formations has a

total dissolved solids content (Plate 9C) that ranges from
250 to 750 ppm, with the water obtained from the Poway
Conglomerate being in the lower range.

Ground water in Unit 8 is rated as suitable for domestic
uses, but only suitable to marginal for irrigation purposes
because of the high chloride ion concentration (Plates 12C
and 13C )

.

SWEETWATER HYDROLOGIC UNIT (Z-O9.OO)

Sweetwater Hydrologic Unit (Unit 9) is an elongated north-
easterly trending strip with an area of about 230 square
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miles. It is traversed along its length by the Sweetwater
River. The major population centers include such communities

as Chula Vista, Jamul, Spring Valley, and Descanso. Toward
the coast land use is largely urban-suburban residential,

while inland it is mainly agricultural. The annual precipi-
tation varies from less than 11 inches at the coast to about

35 inches inland (Plate 5)- Runoff is stored in Loveland and
Sweetwater Reservoirs which were 8.U and 9-0 percent full as

of May 1965 (Table 3). The subunits of Unit 9 are discussed
in Table 10.

Unit 9, which is in the coastal plain section, consists of the
Pliocene marine San Diego Formation which is capped by Pleis-
tocene marine sediments (Plate 2C). The Pliocene sediments

form an important water-bearing formation in the coastal plain
section. Ground water is also extracted from the alluvium-
filled valley of the Sweetwater River in this area. Further
inland, in the mountain-valley section, crystalline rocks are

dominant with some alluviiom- filled areas present in the larger
valleys. Extensive high plateaus occur on the crystalline
rock areas, as in the vicinity of Alpine and Descanso.

Ground water is obtained in the mountain-valley section from
residuum, fractured crystalline rocks, and from the alluvium-

filled valley of the Sweetwater River drainage. Alluvium
is generally less than 100 feet thick and the residuum com-
monly attains thicknesses of more than 100 feet (Plate 3C).

Data on the ground water of this unit are based on approxi-
mately 75 wells that have been drilled mainly in the alluvium-
filled valley of the Sweetwater River, Depth to water in

these wells is generally less than 50 feet (Plate 8C). Wells
drilled in the alluvium are generally shallow while those
drilled into the San Diego Formation extend to depths of

more than 1,000 feet.

In the lower reaches of the Sweetwater River, ground water is

sodium-calcium chloride in character (Plate IIC) with a

total dissolved solids content that ranges from 2,000 to

5,000 ppm (Plate 9C). The sodium and chloride ions can be

attributed to several factors: (l) effluent discharged from

the waste water treatment plant (closed in I963) near the
community of Spring Valley, (2) connate waters migrating
from the mesa areas into the alluvium-filled valleys , and

(3) sea-water intrusion in coastal areas.

Further inland, between Sweetwater and Loveland Reservoirs,
the character of the groiind water varies greatly. The pre-
dominance of sodium and chloride ions in this area is prob-
ably due to local waste disposal practices and, possibly, to

the influence of hot springs rising along fault zones. Total
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dissolved solids range from 250 to 1,000 ppm. In the furthest
inland areas, ground water is calcium bicarbonate in character
with a total dissolved solids content of less than 500 ppm.

Ground water in the coastal plain section of this unit is rated
inferior for both domestic and irrigation purposes (Plates 12C

and 13C). The domestic rating is due to the high total dis-
solved solids content and the irrigation rating is due to the
high chloride ion concentration. Inland, ground water is gen-
erally rated as suitable for both domestic and irrigation pur-
poses, except for a few areas where, because of a high boron
or chloride ion concentration, the ground water is rated mar-
ginal for irrigation uses.

OTAY HYDROLOGIC UTIIT (Z-IO.OO)

Otay Hydrologic Unit (Unit 10 ) is a club-shaped area of about
l60 square miles. The major stream system traversing the
area is the Otay River and its tributaries. The Lower Otay
Reservoir is the terminus of the Second San Diego Aqueduct.
Major population centers include the communities of Imperial
Beach and Otay in the coastal area and Dulzura inland. Much
of the land is used for irrigated agriculture with urban-
residential and commercial uses being secondary. The annual
precipitation generally increases landward from the coast and
varies from less than 11 to 19 inches (Plate 5). Information
on the subunits is presented in Table 10.

The coastal plain section of Unit 10, an area of marine-cut
terraces, consists of Pleistocene marine sediments capping the
Pliocene marine San Diego Formation (Plate 2C). The maximum
thickness of the alluvium is about 200 feet (Plate 30 ) in the
alluvium-filled valley of the Otay River. The San Diego For-
mation is generally more than 1,000 feet thick and has been a

major water producer. Most of the wells in this formation
are 300 to 800 feet deep. In the mountain-valley section,
metamorphic rocks predominate with smaller exposures of grano-
diorite and some areas of residuum and alluvium. Production
of water in the mountain-valley section has been largely from
residuum and the alluvium-filled valleys.

Data for the study of this unit are based on approximately
80 selected wells as shown on Plate 6C. Production of ground
water in the coastal plain section is mainly from the San Diego
Formation, where the depth to water in these wells is more than
100 feet (Plate 8C). The depth to water is generally less than
50 feet in the mountain-valley section.

Ground water in the coastal plain section has a sodium-calcium
chloride character (Plate 110 ) and a total dissolved solids
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Second San Diego Aqueduct.
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content of 500 to more than 2,000 ppm (Plate 9C). This is

attributed mainly to connate water in the San Diego Formation.

Ground water in the mo\intain-valley section has a TDS content
of 25O-5OO ppm with some local areas as high as 1,000-1,500 ppm.

The chemical character is variable, generally sodium-calcium
bicarbonate-chloride to sodi\am-calci\am chloride bicarbonate.
Locally, high nitrate values are generally associated with
waters having high TDS content. The high TDS, nitrate, and
chloride values indicate the influence of local waste disposal
practices.

The native quality of ground water occurring within Unit 10

can be inferred from the character of the water in Otay
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Reservoir before the importation of Colorado River water
(Plate 10). These older analyses show the chemical character
of the water to "be sodiiim-calci-um bicarbonate to sodium-
magnesium bicarbonate, which is directly related to the
mineral composition of the granodiorites and gabbros which
occur in the watershed.

In the coastal plain section, ground water for domestic pur-
poses is rated as suitable to inferior (Plate 12C). The mar-
ginal and inferior ratings are due to a high total dissolved
solids content; however, in some localities these ratings
are due to a high nitrate concentration. Ground water in the
mountain-valley section is largely rated as suitable for
domestic uses. However, in a few local areas it is rated
inferior because of a high nitrate concentration.

For irrigation piirposes ,
ground water in the coastal plain

section is rated as marginal to inferior due mainly to a high
chloride ion concentration (Plate 13C). The use ratings of

ground water for irrigation p\irposes in the mountain-valley
section range from suitable to inferior with the marginal
and inferior ratings being essentially due to high chloride.

TIA JUAWA HYDROLOGIC UNIT (Z-ll.OO)

Tia Juana Hydrologic Unit (Unit 11 ) is a long, wedge-shaped
area that is drained by Cottonwood and Campo Creeks, tribu-
taries to the Tia Juana River. It covers an area of about

^70 square miles that occurs mainly in the mountain-valley
section. The unit is sparsely populated and the major popu-
lation centers are San Ysidro, Tecate, Potrero, Campo, and
Pine Valley. With the exception of San Ysidro, none of these
centers is a major urban residential area. The main use of
the land is for agricultural purposes.

Annual precipitation, as shown on Plate 5, is less than
11 inches toward the coast, increasing inland to more than
25 inches in the Laguna Movmtain area. Runoff is captured
by Morena Reservoir and Barrett Lake on Cottonwood Creek.
However, due to lack of precipitation, Morena was only
0.7 percent full as of May 1, I965, and Barrett only 3.5 per-
cent full (Table 3). Further information on the subunits of
Unit 11 is presented in Table 10.

The coastal plain section is marked by several terraces in
the mesa areas adjacent to the valley of the Tia Juana River.
It is made up of Pleistocene marine sediments capping the
Pliocene marine San Diego Formation, which are both incised
by the partially alluviijm-filled valley of the Tia Juana
River (Plates 3C and kc) . Production of ground water has
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Lagvina Mountains, Summit of
Unit 11, January I966

A spectacular escarpment occurs along
the eastern edge of tiie Lagima Mountains,

separating the unit from the Anza Borrego Desert.

been from the alluvium (more than 100 feet thick) in the Tia
Juana River area and from the San Diego Formation which is
penetrated by deep wells in the mesa area. Locally, the San
Diego Formation is intercalated with volcanic tuffs. Inland,
the mountain-valley section is made up largely of crystalline
rocks which, in order of decreasing areal extent, are tonalites,
granodiorites, metamorphics , and gabbros. Several broad,
alluvium-filled valleys and large residuum areas occur within
this section, A spectacular escarpment occurs along the east-
ern edge of the Lagiina Mountains, separating the unit from the
Colorado Desert.
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The data for the study of Unit 11 are based on more than 200
selected wells, most of which are located in the valley of
the Tia Juana River or the adjacent mesa areas (Plate 6C).

Depths to water in the alluvium are generally less than
50 feet , "but in the mesa areas depths are generally more
than 100 feet (Plate 8c). Wells drilled in alluviiim of the
Tia Juana River Valley generally range from 30 to 100 feet
in depth. In the mesa areas, there are many wells that
range from about 800 to 1,U00 feet in depth.

Only scattered data are available in the inland alluvium-
filled valleys and residuum-covered areas. In Pine Valley,
for example, the alluvium is generally less than 100 feet
thick and is underlain by residuiim. Generally, the wells
penetrate alluvium and residuum, and locally, the underlying
fractured crystalline rocks.

In the coastal plain section of Unit 11, the water is sodium-
calciiim chloride in character and the total dissolved solids
content ranges from about 750 to more than 5,000 ppm, with
the higher values predominating (Plates 9C and IIC) . The
sodium chloride character of ground water from the Tia Juana
River area can be largely attributed to sea-water intrusion
and connate water invasion as indicated on Plate 7. Connate
water in the San Diego Formation is also responsible for the
sodium chloride character of ground water from wells in the
mesa areas. The high fluoride concentrations of connate water
from the mesa areas may be due to the influence of the volcanic
tuffs. Another effect on the water character is the water from
a waste water treatment plant near San Ysidro which, in I962,
was discharging a sodium sxilfate-chloride water. Secondary
influences probably include use of Colorado River water and
irrigation, with the attendant application of fertilizers.

Ground water in the mountain-valley section generally shows

either a sodi\am bicarbonate or calcium bicarbonate character
(Plate lie). This chemical character reflects the geologic
environment (tonalites-granodiorites ) as does the surface water
collected in Morena and Barrett Reservoirs (Plate lO).

Ratings of ground water for domestic use in the coastal plain
section are largely inferior due to high sulfate and high
fluoride concentrations (Plate 12C). Ground water in the
coastal plain section is rated as largely inferior for irri-
gation purposes because of a high electrical conductivity,
high chloride concentration, and high percent sodiiim in the
mesa areas (Plate 13C).

Ratings of ground water in the mountain-valley section are

essentially suitable for domestic and irrigation purposes
except locally where the ground water is rated as marginal.

-136-



Appendix A

SELECTED REFERENCES

-137-





Appendix A

SELECTED REFERENCES

Babcock, Burt A. "Ground Water Occurrence and Quality, San Diego County".
University of Southern California, unpublished Master of Science
thesis. June 1958

•

Brennan, R. "Reconnaissance Study of the Chemical Quality of Surface
Waters in the Sacramento River Basin, California". United States
Geological Survey. Water Supply Paper 1619-Q. 1963.

California Department of Public Health. "California Domestic Water
Supplies". 1962.

. "Occurrence of Nitrate in Ground Water Supplies in Southern
California". February I963.

California Department of Public Works, Division of Water Resources.
"San Diego County Investigation". Bulletin No. ^+8. 1935-

"Investigation of Possible Boron Pollution from Orange Packing
Plants at Escondido". A report to San Diego Regional Water
Pollution Control Board (No. 9). March 1952.

"Effects of Water Softener Regeneration Wastes, San Diego Region".
A report to San Diego Regional Water Pollution Control Board (No. 9).
December 1952.

"Special Report No. 1 of Referee, Tia Juana Basin". July 195^.

"Refuse Disposal Site Investigation, San Diego Region". A report
to San Diego Regional Water Pollution Control Board (No. 9).
March 1955.

"El Cajon Valley Water Quality and Resources, Ssui Diego County".
Office Report. December 1955.

"Santa Margarita River Investigation". Bulletin No. 57,
Voliime I: "Text", Volume II: "Appendixes". June 1956.

California Department of Water Resources. "Feather River Project,
Investigation of Alternative Aqueduct Routes to San Diego County".
Bulletin No. 61, March 1957-

"An Investigation of the Water Quality in Mission Basin, San Luis
Rey River Valley, San Diego County". A report to the San Diego
Regional Water Pollution Control Board (No. 9)- May 1958.

"Sea-Water Intrusion in California". Bulletin No. 63. November 1958.

-^:jJ-



California Department of Water Resources. "Orange County Land and Water
Use Survey, 1957". Bulletin No. TO. January 1959.

"Investigation of Alternative Aqueduct Systems to Serve Southern
California". Bulletin No. 78, Appendix B: "Effects of Differences
in Water Quality, Upper Santa Ana Valley and Coastal San Diego County",
January 1959-

"San Dieguito River Investigation". Bulletin No. 72, Volume II:

"Appendixes". April 1959-

"Industrial Waste Disposal Site, Omar Rendering Company, Otay
Valley". A report to San Diego Regional Water Pollution Control
Board (No. 9). August 1959.

. "San Dieguito River Investigation". Bulletin No. 72, Volume I:

"Text and Plates". November 1959-

"Ground Water Geology, San Diego River Valley". A report to the
San Diego Regional Water Pollution Control Board (No. 9).
December 1959

•

"Water Quality Conditions and Effects of Recharge with Sewage
Effluent in Mission Basin, San Luis Rey River Valley, San Diego
County". A report to the San Diego Regional Water Pollution
Control Board (No. 9). December 196O.

"otay Valley Industrial Waste Disposal Site". A report to the
San Diego Regional Water Pollution Control Board (No. 9).
December I96O.

"Nelson Oil Refining Company, Vicinity Mouth of Tia Juana River".
A report to the San Diego Regional Water Pollution Control Board
(No. 9) . May I962.

"Boron Pollution of Ground Water at Escondido". A report to the
San Diego Regional Water Pollution Control Board (No. 9). June I962.

"San Diego County Flood Hazard Investigation". Bulletin No. 112,
Appendix A: "Regional Flood Frequency Analysis". March 1963

.

"Third Report on Ground Water Quality Conditions in Mission Basin,
San Luis Rey River Valley". A report to the San Diego Regional
Water Pollution Control Board (No. 9). April I963.

"San Diego County Land and Water Use Survey, 1958". Bulletin
No. 102. August 1963.

"Fourth Report on Ground Water Quality Conditions in Mission Basin,
San Luis Rey River Valley". A report to the San Diego Regional Water
Pollution Control Board (No. 9). September I963.

-li|0-



California Department of Water Resources. "Fifth Report on Groxrnd Water
Quality Conditions in Mission Basin, San Luis Rey River Valley".

A report to the San Diego Regional Water Pollution Control Board

(No. 9). January 196i*.

"Names and Areal Code Numbers of Hydrologic Areas in the Southern
District". April 196i*.

"Ground Water Occiorrence and Quality, Lahontan Region". Bulletin
No. 106-1. June I96U.

"Ground Water Quality Survey of Lower Otay River Valley". A report
to San Diego Regional Water Pollution Control Board (No. 9).

June 196J+.

"San Juan Creek Ground Water Study". A report to San Diego Regional
Water Pollution Control Board (No. 9). September I96U.

"San Diego County Flood Hazard Investigation". Bulletin No. 112.

September I96U.

"Crustal Strain and Fault Movement Investigation". Bulletin
No. 116-2. January 196i+.

"Ground Water Conditions in San Diego River Valley". A report to

San Diego Regional Water Pollution Control Board (No. 9).

September 1965-

"Water Quality Report on Pauma, Pala, and Bonsall Groimd Water

Basins". A report to San Diego Regional Water Quality Control
Board (No. 9). December 1965-

"Reclamation of Water from Wastes: Coastal San Diego County".
Bulletin No. 80-2, Preliminary Edition. February I966.

"Report on Quantity, Quality, and Use of Waste Water in Southern
California, July 1, 1963 - June 30, I96U". April I966.

. "Hydrologic Data: 196it". Bulletin Mo. 13U-61+ , Volume V: "Southern

California". August I966.

California Division of xMines. "Geology of Southern California".

Bulletin No. 170. 195^.

. "Mineral Commodities of California". Bulletin No. 176. 1957-

California Division of Mines and Geology. "Geologic Map of California,

San Diego-El Centre Sheet". I962.

. "Geologic Map of California, Santa Ana Sheet". I966.

-lUl-



California State Board of Public Health. "Policy Statement and Resolutions
by the State Board of Public Health with Respect to Fluoride Ion
Concentrations in Public Water Supplies". August 22, 1958.

"Interim Policy on Mineral Quality of Drinking Water". September k,

1959.

California State Water Resources Board. "Water Utilization and Requirements
of California". Bulletin No. 2. June I965.

California Water Quality Control Board, Department of Water Resources,
and Department of Public Health. "Detergent Report: A Study of
Detergents in California". Prepared for the California State
Legislature. January 1965-

Carpenter, E. J. and Storie, R. E. "Soil Survey of the Capistrano Area,
California". United States Department of Agriculture, Bureau of

Chemistry and Soils. Soil Survey Report No. 19- 1929-

Carter, George F. "Pleistocene Man at San Diego". Baltimore: Johns
Hopkins Press, 1957-

Davis, S. N. and Turk, L. J. "Optimum Depth of Wells in Crystalline
Rocks". Ground Water Journal of the National Water Well Association,
Volume 2, No. 2. I96U.

Daly, R. A. "Igneous Rocks and the Depths of the Earth". New York:

McGraw-Hill Book Company, 1933.

Ellis, A. J. and Lee, C. H. "Geology and Ground Waters of the Western
Part of San Diego County, California". United States Geological
Survey. Water-Supply Paper No. hhG. 1919.

Engel, R. , Gay, T. E. , Jr., and Rogers, B. L. "Geology and Mineral
Deposits of the Lake Elsinore Quadrangle, California". California
Division of Mines. Bulletin 1^+6. 1959-

Feth, J. H. , Roberson, C. E. , and Polzer, W. L. "Sources of Mineral
Constituents in Water from Granitic Rocks, Sierra Nevada California
and Nevada". United States Geological Survey. Water-Supply Paper
1535-1. 196i+.

Eraser, D. M. "Geology of San Jacinto Quadrangle South of San Gorgonio
Pass, California". California Division of Mines. Report XXVIl
of the State Mineralogist, Volume 27, No. k. October 1931.

Hem, J. D. "Study and Interpretation of the Chemical Characteristics of
Natural Water". United States Geological Survey . Water-Supply
Paper 1UT3. 1959.

-II+2-



Holmes, L. C. and Pendleton, R. L. "Reconnaissance Soil Survey of the

San Diego Region, California". United States Department of

Agriculture, Bureau of Soils. 1918.

Jahns, R. H. and Lance, J. F. "Geology of the San Dieguito Pyrophyllite
Area, San Diego County, California". California Division of Mines.

Special Report No. h. November 1950.

Larsen, E. S., Jr. "Batholith and Associated Rocks of Corona, Elsinore,

and San Luis Rey Quadrangles, Southern California". Geological
Society of America. Memoir 29. June 19^8.

Larsen, E. S., Jr., Everhar, D. L. , and Merriam, R. "Crystalline Rocks
of South Western California". California Division of Mines.
Bulletin 159- 1951-

Lewis, D. C. and Burgy, R. H. "Hydraulic Characteristics of Fract\ired

and Jointed Rock". Ground Water Journal of the National Water

Well Association, Volume 2, No. 3. 196*4.

Mann, J. F., Jr. "Geology of a Portion of the Elsinore Fault Zone,

California". California Division of Mines. Special Report No. U3.

October 1955-

McMahon, P. J. and Newport, L. H. "Water Supply Development for Rancho

Mission Viejo". American Society of Civil Engineers, Irrigation

and Drainage Division. Specialty Conference. I963.

Merriam, R. "Ground Water in the Bedrock in Western San Diego County,

California". California State Division of Mines, Bulletin No. 159-

1951.

"Geology of Santa Ysabel Quadrangle, San Diego County, California.

California Division of Mines. Bulletin ITT- 1958.

The Metropolitan Water District of Southern California. "Report for the

Fiscal Year I963 to 196U".

Olmsted, F. H. "Geologic Featvires and Water Resources of Campo, Mesa Grande,

La Jolla, and Pauma Indian Reservations, San Diego County, California".

United States Geological Survey, Ground Water Branch. October 1953.

"Geologic Reconnaissance of San Clemente Island, California".
United States Geological Survey. Bulletin No. 1071. 1956.

Piper, A. M. "A Graphic Procedure in the Geochemical Interpretation
of Water Analyses". Transactions of American Geophysical Union,

Volume 25. 19*+^.

Rankama, K. and Sahama, Th. G. "Geochemistry". Chicago: University of

Chicago Press, 1950.

-IU3-



Riixton, B. P. and Berry, L. "Weathering of Granite and Associated
Erosional Features in Hong Kong". Bulletin of the Geological

Society of America, Volume 68. October 1957.

San Diego County Department of Public Health. "An Inventory of Fluoride
Ion Concentration in Parts per Million of Domestic Waters in San

Diego County". I96O.

San Diego County Water Authority. "Eighteenth Annual Report". I96U.

"Timing of Construction and Sizing of the Second Barrel of the

Second San Diego Aqueduct and Proposed Operation of the San Diego
County Water System". February I965.

San Juan Capistrano Soil Conservation District. "Report on Comprehensive
Planning for Conservation of Water and Soil Resources for the

Aliso Creek Watershed". December I96I,

Scheliga, John T. , Jr. "Geology and Water Resources of Warner Basin,

San Diego County, California". University of Southern California,

unpublished Master of Science thesis. August I963.

Schoellhainer , J. E. , et al. "Geologic Map of the Northern Santa Ana
Mountains, Orange and Riverside Counties, California". United States

Geological Survey. OM 15^. 195^-

Stewart, J. W. "Infiltration and Permeability of Weathered Crystalline
Rocks, Georgia Nuclear Laboratory, Dawson County, Georgia".

United States Geological Survey. Bulletin 1133-D. I96U.

Storie, R. E. "The Classification and Evaluation of the Soils of Western
San Diego County". University of California, Agricultural Experiment

Station. Bulletin 552. June 1933.

Storie, R. E. and Carpenter, E. J. "Soil Survey of the Oceanside Area,

California". United States Department of Agriculture, Bureau of

Chemistry and Soils. No. 11. 1929-

"Soil Survey of the El Cajon Area, California". United States

Department of Agriculture, Bureau of Chemistry and Soils, Soil

Survey Report No. 15- 1930.

Thomas, B. E. "Field Trip Guidebook, San Diego County". San Diego

State College, Geology Department. I96I.

United States Department of Health, Education, and Welfare. "Public

Health Service Drinking Water Standards". I962.

Vedder, J. G. , Yerkes , R. F. , and Schoellhamer , J. E. "Geologic Map
of the San Joaquin Hills-San Juan Capistrano Area, Orange County,

California". United States Geological Survey. OM 193. 1957-

-Ikk-



Waring, G. A. "Springs of California". United States Geological Survey.
Water-Supply Paper, No. 338. 1915.

Weber, H. F. , Jr. "Geology and Mineral Resources of San Diego County,
California". California Division of Mines and Geology. County
Report No. 3. 1963.

Werner, Sanford L. "Geohydrochemistry of the San Gabriel Valley Area,
Los Angeles County, California". University of Southern California
unpublished Master of Science thesis. January I965.

-IU5-





Appendix B

DEFINITION OF TERMS
AS USED IN THIS REPORT

-lUT-





Appendix B

DEFINITION OF TERMS
AS USED IN THIS REPORT

Acre-foot . The volume of water required to cover one acre one foot in

depth {k3,'?60 cubic feet or 325, 85I gallons).

Anion . A negative ion.

Brackish Water . Water containing more than 1,500, but less than 10,000
parts per million of total dissolved solids.

Brine . Water containing more than 36,000 parts per million of total dis-

solved solids.

Cation . A positive ion.

Chemical Character of Water . A classification of water based on the pre-
dominant chemical constituents, in equivalents per million, for the

anion and cation groups.

Combining Weight . The atomic or molecular weight of an ion divided by-

its ionic charge.

Confined Ground Water . A body of ground water overlain by material suf-

ficiently impervious to sever free hydra\ilic connection with over-

lying ground water, except at the area of recharge. Confined ground
water moves in conduits under pressiire due to the difference in head
between the intake and discharge areas of the confined water body.

Connate Water . Water entrapped in the interstices of sedimentary rock
at the time the sediments were deposited. This water may be fresh,

brackish, or saline in character.

Contamination . Defined in Section 13005 of the California Water Code:

"an impairment of the quality of the waters of the State by sewage or

industrial waste to a degree which creates an actual hazard to public
health through poisoning or through the spread of disease . . .

."

Degradation . Impairment of the quality of water due to causes other than
disposal of sewage and industrial waste.

Deterioration . Impairment of water quality.

Electrical Conductivity (E.G.) . The reciprocal of the resistance in ohms

measured between opposite faces of a centimeter cube of an aqueous

solution at a temperature of 25 degrees centigrade.
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Equivalent Weight . The value, usually expressed as equivalents per mil-

lion, obtained by dividing the ion concentration in parts per million

by the combining weight of that ion.

Felsenmeer . Defined for this report as a large area resembling a sea of

rocks or block field and composed of large subrounded blocks of crys-

talline bedrock which have remained in situ after the weathering
processes have removed the residual matrix. This differs from the

original definition which is related to frost heaving.

Geohydrochemistry . A study of the chemical quality of the surface and

ground water as it is influenced by the geologic and hydrologic

environments and modified by the activities of man.

Hydraulic Gradient . Under unconfined ground water conditions , the slope

of the profile of the water table. Under confined ground water con-

ditions, it is the slope of the piezometrlc surface.

Hydrologic Unit . A classification embracing one of the following featvires

which are defined by surface drainage divides: (l) In general, the

total watershed area, including water-bearing and nonwater-bearing

formations, such as the total drainage area of the San Diego River

Valley; and (2) in coastal areas, two or more small contiguous water-

sheds having similar hydrologic characteristics, each watershed being

directly tributary to the ocean and all watersheds emanating from one

mountain body located immediately adjacent to the ocean.

Hydrologic Subunit . A major logical subdivision of a hydrologic unit

which includes both water-bearing and nonwater-bearing formations.

It is best typified by a major tributary of a stream, a major valley,

or a plain along a stream containing one or more groiind water basins

and having closely related geologic, hydrologic, and topographic

characteristics. Subunit boundaries are based primarily on drainage

boundaries. However, where strong subsurface evidence indicates that

a division of ground water exists, the subunit boundary may be based

on subsurface characteristics.

Impairment . A change in quality of water which decreases its suitability

for beneficial use.

Indu^rial Waste . Defined in Section 13005 of the California Water Code:

/ "any and all liquid or solid water substances, not sewage, from any
producing, manufacturing or processing operation of whatever nature".

'„ei '"I'fi,-,. .,.---.. Ir-.ri : I,t '^ t '''''•
.

Overdraft . The average annual decrease in the amount of groiind water in

storage that occurs during a long period, under a particular set of

physical conditions affecting the supply, use, and disposal (including

extractions) of water in the ground water reservoir.

Parts Per Million (ppm) . One weight of dissolved substance per one million
weights of solution at a temperature of 20 degrees centigrade. For
practical purposes, ppm is the same as milligrams per liter (mg/l).

-150-



Percent Reactance Value . The value, expressed in percent, obtained by-

dividing the equivalents per million of each ion by the sum of its
respective ion group (i.e. the cations or anions).

Percolation . The movement of water through the interstices of soil or
other porous media.

Permeability . The capacity of a rock to transmit a fluid. Degree of
permeability depends upon the size and shape of the pores, and upon
the size, shape, and extent of the pore interconnections.

Pollution . Defined in Section 13005 of the California Water Code:
"An impairment of the quality of the waters of the State by sewage
or industrial waste to a degree which does not create an actual
hazard to the public health but which does adversely and unreasonably
affect such waters for domestic, industrial, agricultural, navi-
gational, recreational, or other beneficial use, or which does
adversely and unreasonably affect the ocean waters and bays of the
State devoted to public recreation."

Residuum . The residual material formed in situ from weathering of the
crystalline bedrock. Residuum includes residual soils, gruss, and
decomposed granite.

Saline Water . Water containing more than 10,000, but less than 36,000
parts per million total dissolved solids.

Salt Balance . The relationship of salt input to salt output.

San Diego Region . An area consisting largely of the western watershed of
San Diego Coimty and smaller portions of Orange and Riverside Counties.
This area is the same as that under the jurisdiction of the San Diego
Regional Water Quality Control Board and is also known as the San
Diego Drainage Province.

Sewage . Defined in Section 13005 of the California Water Code: "Any and
all waste substance, liquid or solid, associated with human habitation,
or which contains or may be contaminated with hiiman or animal excreta
or excrement, offal, or any feculent matter." As used in this report,
sewage is included as part of the waste waters carried by community
sewer systems.

Specific Capacity . The number of gallons per minute per foot of drawdown
from a pimping well.

Total Dissolved Solids (TDS) . The dry residue from the dissolved matter
in an aliquot of a water sample remaining after evaporating the sample
at a definite temperature.

Total Dissolved Solids by Summation . The TDS as determined by summing
the individual dissolved constituents, less one-half the bicarbonate
ion.
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Total Radioactivity . The combination of alpha, beta, and gamma activity

in water reported in picocuries per liter ( 10-12c\iries/liter ) or 2.22

disintegrations per minute per liter.

Unconfined Ground Water . Ground vater in the zone of saturation not con-

fined beneath an impervious formation and moving under the control

of the water table slope.

Water Utilization . The use of all waters by nature or man, whether con-

s\miptive or nonconsumptive , including that portion of the applied
water which is irrecoverably lost.

Waste Water . Water that has been put to some use or uses and has been
disposed of, commonly to a sewer or wasteway. It may be liquid

industrial waste or sewage or both.
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Appendix C

STATE WELL NUMBERING SYSTEM

Data from monitored wells and springs presented in this report

are assigned numbers which are referenced by the U. S. Public Land Survey

System. The well number consists of the township, range, and section

numbers; a letter to indicate the i+O-acre lot in which the well is located;

a number to identify the particular well in the UO-acre lot; and a terminal

letter (S) to indicate the San Bernardino Base and Meridian,

Springs are assigned well numbers on the same basis as are water

wells, but the letter S is inserted immediately after the lot identifi-

cation. For example, spring 10S/3W-11GS6, S is the sixth spring assigned

a nimber in Lot G of Section 11 of Township 10 South, Range 3 West,

San Bernardino Base and Meridian.

Sections are subdivided into i+O-acre lots as shown below

D





Appendix D

CHEMICAL ANALYSES OF

GROIM) WATER FROM SELECTED WELLS
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Temp.

«hcn

unpled

Sprafic

OQn(kict«tcc

Chvimcal conihlurnis in

parla per million
cquivalmrK pei million

percent leactance value

Calciian

Ca

Ma0>e*itaa

Mb

n)Uaaiu>i [CMbanati

C03 HCO3

SulbU

SO4 NO]

Oieniic*) coflSIKumla 11

p«rts pel mitlton

FluDnd*

F

Silica

SOj

TD5
Evip

EvvlOS<3c
Conpulcd

UO^^Iwton

COO]

LACUNA HYDRO SUBUNII
SAN JUAN HYDRO UNI I ^0100

65/ 7W- «E 1 5

6-12-41

7S/ BW-16Q 1 S 8J
6- 7-61

7S/ 8K-18D 1 5

a-22-63

75/ BW-32L 1 5
12- 5-60

75/ 8W-33G 1 5
6-20-61

7.8 2150

7.6 568U

7.1. 1085

75/ 9W-13J 1 S 67 7.7
10-20-55

SAN JUAN HYDRO 5UBUN 1 I

100 70 22U 1

<..99 5.76 9.57 0.03
25 28 •>!

6 u WtZ 10
0.30 0.33 19.22 0.26

1 2 96 1

10<> 63 315 2

5.19 5.18 13.70 Q.05
22 21 57

22<. 107 919 11
11.18 8.80 39.96 0.28

19 15 66

J". 33 123 1<.

1.70 2.71 5.35 0.36
17 27 53 4

99 63 200 2
'•.9<. 5.18 8.70 0.05

26 27 46

425
6.97

34



State.well
number



D«le larapled

Tonp.

anpltd

Specific
CliCBical coasliluvfll* in

parts p*( mtllioa

c^ivalenlft pet siltioa

p»rc«Bl ivmc\mnc9 vftlu*

Calcium

Ca

PoUBSun fCaibonal«

COj HOOj

&illaU

soi,

Nitrate

NO]

C1l«aicai constiluMilt in

parts pel Million

Pluonde

F aoj

Silica F.vap U0% kanlMu
Evv 1050c

Coaputcd Q1OO3

SAN JUAN HYDRO SU6UN I

T

SAN JUAN HVDRO UNIT

8S/ 7w- 6J 2 S -- '•9

BS/ 7t(- 6J 5 S 7.<.

1- 8-64

9S/ 7K- 6K 2 S — 7.7
5-14-64

BS/ 7n- 6K 3 S 77 7.3
11-30-62

8S/ 7W- 6P 1 S 66 6.9
12-16-48

83/ 7W- 7C 2 S — 7.9
12-11-61

8S/ 7w- 7C J S 77 7.1
11-30-62

8S/ 7w- 70 1 S 77 7.2
11-30-62

8S/ en- U 1 S 77 7.8
11-29-62

as/ 8w- U 2 S — 7.1
4-25-62

BS/ 8H- IL 1 S — 8.0
5-14-64

85/ 8W- IL 2 S 77 7.9
11-29-62

as/ 8W- 10 5 S 77 7.
11-29-62

8S/ 8W-12B 1 S 77 7.9
12-13-62

8S/ 8W-12C 1 S — 7.5
11-10-60

8S/ 8W-12K 1 S — 7.2
7-11-52

8S/ 8W-12L 1 S 7.4
10-21-63

85/ 8W-12U 2 S 77 8.4
8-14-62

8S/ 8W-12L 3 S 7.6
1- 8-64

eS/ 8W-12L 4 S -- 8.1
5-14-64

BS/ 8K-12P 1 S 77 7.3
8-16-62

8S/ 8W-12P 2 S ~ 7.1
10-31-61

85/ 8W-12P 3 S 77 8.0
11-29-62

1974



State well
nkimbet



Sute well
nuaibvr



Stale well
numbet



Sl«te well
flumbet



state well



stale well
aiiaib«r



Slate well
number



Date tsmpled

Tonp.

irfitm

HRiplcd

Specific

contktctancc

(mictamhoa

•I250Q

Oieaiical conatituenti in

parlB per million

mjuivalentt per aillion

percent leactencc value

Calcium

Ca

Munrtntti

Ms

Soditan

Na

f^jtamiB ICarfaonale

CO3 HOP3

Sulfate

SO4

Nllnte

NO3

Oivaiical CDnttitucnIt in

pari! pvi nillioa

Fluondi

F SO2

TDS

EviV Kli°C

CoMpu(*4

"""^tllltUll

SANTA MARGARITA HVORO UNIT
MURRItTA HYDRO SUBUN 1

T

C»00j

65/ '.W-360 1 S

'.-2^-i3

7S/ 2W- ".O 1 S

5-19-53

75/ 2W- 5C 1 5

12- 7-62

75/ 2W-33E 1 S
12-21-62

75/ 3W- 2G 1 5
8-19-52

75/ 3W- 5L 1 5
7-30-52

75/ 3W- 7R 2 5
9-12-61

75/ 3W- 7R 3 5

1-10-63

75/ 3W-12J 1 5

5-25-53

73/ 3W-15N 1 5
11-27-56

75/ 3W-16N 2 5
5-12-53

75/ 3W-16N 3 5

8-15-52

75/ 3W-16N 5 S
5-20-53

75/ 3W-17D 1 5
7-22-52

75/ 3W-17E 3 5
7-22-53

75/ 3W-17E 4 5

7-1 5-64

75/ 3W-17F 3 5

10-14-53

75/ 3W-170 1 5
5- 7-53

75/ 3W-17H 1 5
5- 7-53

75/ 3W-17H 2 S
11-22-57

75/ 3W-17P 2 5
7-15-64

75/ 3vi-ieA 1 5
5- 6-53

75/ 3W-18M I 5

5- 6-53

— 8.0 1240

7.3 1300

7.6 1250

34



stale w«ll
ntunbet



stale well
nun bet



State^well
number



Stmie well
number



State well
numbef



auabcr



Stale well
numbef



Dale sampled

unplcd

conductmcc

(micnvnhiw

•I25QO

ANZA HYDRO SUBUN I

T

Chemical coailituenli in

pari* pet nillion

equivalenia pei million

percent reactance value

Calcium

Ca

Ma0te<uuni

Ms

IMassiuRi [Caftnnale

CO3

Blcarbontrie^ Sulfate

HOO3
I

SD4

Chlonde

a
Nitrate

NO3

Oiesical conitituents in

parts per million

S.02

ToutTDS
Silica Evtp UO°C kankKU

Coapulcd COO]

SANTA MAROARITA HYDRO UNIT 20200

7S/ 3E-21P I



nuinbcT



0*(« sampled op

eomitctaic*

OAKGROVE HYDRO SUBUN I 1

Chemical conatiluenia in

parts p»( miUioA
cqutvalenla pet million

pvrcenl reactance value

Wapiniim Sodium

Na

ftMasaim fCartxmale

C03 HC03

SANTA MAROARIIA HVORO UNIT

Oilaiito

a
Nilrau

NO3

Cheaicil conBlilucal* i

parft pet lltioM

S.O2

TDS Total

EvvIOS°C
C4MpUl«d CjCOj

9S/ le- 10 1 $

12-16-62

9S/ 1E-12A 1 5

8-21-62

9S/ 2E- 7G 1 S

10-111-61

95/ 2E- 80 2 S

12-19-62

95/ 2E-15fi 1 S
11-30-51

95/ 2E-16N 3 5

12-18-62

95/ 2E-17K 1 S 7".

7-16-6".

95/ 2E-22J 1 S

12-19-62

95/ 2E-27J 1 S

11-21-51

95/ 3E-16A 1 5

12- 8-50

95/ 3E-16A 2 5

12-19-62

95/ 3E-160 1 5
12-19-62

a.<>0
7

119
5.9<.

i>2

53
2.6<i

<.3

32

1.60
'.6

2.20
38

52
2.59

46

66
3.29

".7

34
1.7U

32

50
2.50

53

60
2.99

44

48
2.40

45

65
3.24

1

0.08
1

33
2.71

19

10

0.82
13

6

0.49
14

15

1.23
21

12
0.99

18

15

1.23
18

18

1.48
28

10

0.82
17

15

1.23
18

11

0.90
17

23
1.89

26

112
4.87

90

122
5.30

38

61

2.65
43

31

1.35
39

55
2.39

41

46
2.00

36

55

2.39
34

46
2.00

38

32
1.39

30

58

2.52
37

45

1.96
37

51

2.22
30

3

0.08
1

6

0.15
1

3

0.08
1

2

0.05
1

2

0.05
1

2

0.05
1

3

0.08
2

6

0.20

3

0.08
1

1

0.03

109
1.79

33

378
6.20

44

254
4.16

68

121
1.98

58

293
4.80

84

260
4.26

77

220
3.61

53

232
3.60

72

201
3.29

78

305
5.00

77

226
3.70

72

346
5.67

78

76

1.56
29

261
5.43

38

U
0.23

11

0.23

0.12
2

17

0.35
6

93
1.94

28

30
0.62

12

18

0.37
9

14

0.29

0.15
3

10

0.21
3

66
1.86

34

2.40
17

5V

1.66
27

22
0.62

18

27

0.76
13

30
0.85

15

40
1.13

16

28
0.79

15

0.51
12

39

1.10
17

46
1.30

25

1.35
19

0.4 0.33 26 356 24

351

6.0 0.2 0.10 28 872 433
0.10

1 64b

2.1 0.4 0.05 28 346 173

0.03
352

36 0.2 0.10 28 238 105

0.58
17 228

2.5 — —
0.04

1 294

172

3.0 0.2 0.08 25 296 179

0.05
1 315

12 0.2 0.07 — 410 226
0.1'<

3 391

3.0 0.2 0.07 23 304 159

0.05
1 299

4.0 — 0.13 — 166

0.06
1 231

7.1 ~ — — 211
0.11

2 343

0.2 0.05 15 260 165

286

0.2 0.08 35 450 257

403

eON5ALL HYDRO 5UBUNII
SAN LUIS KEY HYORO UNIT

103/ 1W-30P 1 5 72 7.2 1185
3-17-64

105/ 2K-22N 1 S
6-17-64

7.3 1135

105/ 3W- IL 1 5 68 7.3
8-22-63

105/ 3W- 3M 1 S

6-17-64

105/ 3W-11G 1 5 66 8.0 114J
10-25-63

105/ 3W-11H 1 s

3-26-63

105/ 3W-11L 2 5
8-20-63

105/ 3W-11M
1- 9-51

105/ 3M-11M 2 5
8-21-63

105/ 3W-12C 1 5

10-25-63

7.4 126U

91 46 83 5

4.54 3.78 3.61 0.13
38 31 30 1

77 44 98 4

3.84 3.62 4.26 0.10
32 31 36 1

82 28 82 4

4.09 2.30 3.57 0.10
41 23 35 1

50 37 74 1

2.50 3.04 3.22 0.03
28 35 37

112 51 98 7

5.59 4.1V 4.26 0.16
39 29 30 1

140 28 75

6.99 2.3u 3.26

136



Slate well
number



stale well
number



Slate well
nwber



nunMr



Date sampled

Temp,

when

sampled

Specific

con(kicta>ce|.

(nucraidios

it 250C)

80NSALL MYDrtO SUBUN I

T

Chemical constituents in

parts per million

^uivalents per million

percent reactance value

Magnesium

Mg

Carbonate

C03 HCO3

SAN LUIS KEY HYDRO UNIT

SiilfaW

S0<

Nitrate

NO3

Chemical constituents 1

parts pet million

B

Silica

Si02

Tns Total

Evap 180Ocku«Hesi

Evap 105°C as

Computet! CaCOi

1 IS/ '•W- 7R 2 S
9-26-63

lis/ OW- 66 1 S
10-11-63

lis/ '•W- 88 3 S
9-28-61

lis/ "-W- 8C 3 S
9-27-61

lis/ ftW- BE 1 S

10-25-63

US/ 4W- BE 2 S

9-25-63

lis/ <.W- SH 1 S

9-25-63

US/ itv- ej 1 s
9-28-61

US/ iW- 8J 2 S
10- 4-61

US/ iW- 8J 3 S
4-10-62

US/ 4W- 8K 1 S
9-26-63

US/ "iW- 8L 1 S
9-26-63

US/ "w- 8l 2 S
9-26-63

US/ iw- 8l 3 S
9-26-63

US/ 4W- 8M 1 S

9-26-63

US/ iw- 8N 1 S

U-28-62

US/ "iw- 6N 2 S
10-24-63

US/ 4W- 8N 3 S
4-10-62

US/ 4W- 8R 1 S
10- 3-61

US/ 4W- BR 2 S

10-21-57

US/ 4W- 98 1 S
8- 0-54

68 8.1 2100

76 7.7 1721

— 7.6 2874

— 7.2 2331

7.5 272"

94
4.69

34



Stale well
number



Suie well
number



Dale ftsmpled

Taip. SpeciGc

oonAtcUncc

•l250n

MONSERATt HYDRO SUBUN I

T

Chemical constltuenlB in

parli p«r nillion
«quivalenls pci nillion

percent reactance value

Calcium

Ca

I\3<a«aiian [Carfaanale

003

acaftnnate Sulfate

HOO3

SAN LUIS RtY HYDRO UNIT

SO4

Hunt*

NOj

Oivmlcal coflatilucnii in

parta par laillion

Fluondc

F

SUca

SOj

ToulTDS
Evv iai>°ci«*a>
Evv 10S<% m
Coapulad CaOOg

9S/ 2W-23K 1 S

8-21-63

9S/ 2H-230 I S

6-12-6*

9S/ 2W-26H 1 S

6-12-6*

95/ 2W-26P 1 S

10-25-63

9S/ 2W-27G 1 S

e-21-63

95/ 2W-26N 1 5

2-l2-i9

95/ 2w-2eN 2 5

11-16-60

95/ 2W-310 1 5

10-25-63

9S/ 2W-32A 1 5
11- *-60

95/ 2W-32G 1 5
11- *-60

95/ 2W-32L 1 S
7-21-63

95/ 2W-368 1 S
3- 8-61

95/ 2W-36H 1 5
8-22-63

95/ 2W-36H 2 5
3- 8-61

105/ Iw- 5L 1 S
3- 8-61

105/ IW- 5N 1 5
8-22-63

105/ m- 9B 1 5
4-17-59

lOS/ IW- 9M 1 5
11- 2-60

105/ IW-IOH 1 5
2-11-59

105/ IW-IOM 2 5
2-11-59

105/ lW-16e 1 5
8-22-63

105/ 1W-16M I 5
11-21-63

105/ II1-I6H 2 S
9-27-56

62
3.09

*3



Date sampled

Temp,

when

sanpled

MONSERATE HYDRO SUBUN I

T

Speofic

oonductance

(micranhoe

at 25QC)

Chemical constituents in

parts pet million

equivalents per million

percent reactance value

Magnesium

Kg

Carbonate

C03

acarbonBle Sulfate

HCO3 9O4

SAN LU13 RET HYDRO UNIT

NitTate

NO3

Chemical constituents 1

parts pet million

Silica

S1O2

TDS
ijEvap

Evap 105<*

Computed

180^ hairless

g'COs
I

lOS/ 1W-16R 1 S 66
8-22-63

lOS/ 1W-17A 1 S

11- 3-60

105/ IW-17B 1 S

II- 3-6U

loS/ IW-17C 1 S
7-18-61

105/ 1W-20B 1 5

<.-17-59

105/ 1W-22B 1 5

11- 3-60

105/ 1W-22D 1 5
11- 3-60

105/ 1W-22L 1 5 70

7-18-61

lOS/ 1W-22P 1 5

11-21-63

105/ 1W-23IC 1 5 69
'.-2<i-61

lOS/ 1W-23N 1 5 80
6-15-56

105/ 1W-23N 2 5

8-22-63

105/ 1W-35C 1 S 71

8-22-63

105/ 1W-36H 1 5 68
11- 7-60

105/ 1W-36J 1 5 65
11- 7-60

105/ 2W- 6F 2 5 68
11- 2-60

103/ 2W- 66 1 S 67
8-22-63

115/ IW-110 1 5

8-22-63

115/ IW-llE 1 5
8-22-63
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SUtc.well
number



Slate well
number



Dale ftcmptcd

T«p.

condjctMtce

(nucranhoa

ChoBical conKlttu«nta in

psrtft pet Miillion

c<|uival«iiB per million

pcfccnl teaciance value

Calcium

Ca

nitaBBianjCatfaonate

OOj

Bbcartnnalc

HOO3

SullMe

SO* NO,

Chmical constituent* in

P«|1B p«t Million

Pluond*

F

Silica

SO2

TDS
'"^ ^Ev^ IOS<%

Coapuled

UO°C|ia<ta.u

AGUA HEl<IONUA riVURO SUiiUNIT
CA.<LiDAu ilYJHO UMI I

IJS/ '.n-l-.j 3 S
IJ- a-i'i

125/ '.w-l-H 2 S — 7.9 lio-
7-2i-62

12s/ "iw-UH 5 S — 7.3
10-24-63

12s/ iw-KJ 1 S

10-29-63

12S/ '.W-IIE 1 S

6-IB-64

I.-) lo25

0.3 lb3v>

12s/ .w-llf 1 S (.9 7.6 173-
6-1J-64

12S/ ".W-IJM 1 S 65 7.0 2riA
6-l»-6li

12s/ '•«-16J 1 S

<.-ll-(.2

72 7.<: W/u

12e i'j zoo 2

b.3v <*.d<f O.o7 0.03
32 2 3 ".'-.

t>7 2<1 lib M

4.3<t 2.3J "s.uo C.13
37 2j 42 i

177 o> 2»j 3

d.tt3 6.03 12.61 U.JO
31 2*. <•«.

92 i5 225 2

4.&y 4«b2 9.7o \jM^b
24 24 'j2

24» 101
4.00 2.10

21 11

145 312
£.^0 6.50

20 56

3K4 131

6.46 2.73
23 10

26u 113
4.26 2.35

23 12

64 56 220 5 5 326 4>>

3.19 4.61 9.57 0.I5 U.l/ 5.J4 1.0^
lo 26 35 i 1 31 a

70 62 20i< 3

3.09 5.1>> 0.7v, o.^^b

22 2-« 4y

176 99 294 13
o.7b 0.14 12. to 0.33

29 21 43 1

Iv^w 46 lo3 2

4.99 3.7o U.t^4 ^.j5
3- 22 40

o 276 b2
4.52 1.29

25 7

54 0O2
0*09 lb. to

3 50

U 150 224
2.26 4. bo

13 21

460
12. v7

2. ly

24

bci4

lb. 1^

at

435
12.21

b5

37»
10. by

424
11.9b

bl

4i4
11. >o

551
9.V0

O 0.7 — — 1215 546

1073

l.C 0.1 v.lJ r,. 740 332
U.02

720

u 0.4 0.30 25 t7bO 704

1565

0.2 0.45 22 112: 456

1070

O.b 0.50 — 992 390

939

0.4 0.31 — »072 450

965

5 2.1 1.50 — 1990 04 7

0.00
104 3

^0 0*2 0.b4 24 439
C.32 1090

2 1021

ENCINAS HYDRO SUBUNIT

125/ 4w-2ie 1 5 — 8.2
9- 7-60

J2S/ 4V(-21B 2 5 — 7.8
8- 4-58

125/ 4W-21E IS 59 7.

11-30-64

176



State well



Pate sampled

Temp.

npled

Speafic

•I2500

Chemical consiiluenit n

part* pei mil ion

equivaleniK pei million

percetil reaclance value

Calctisii

Ca

WaQirfiian Potauuun Carbonate

OOj

accftmil* &i]fato

HCOj SQ«

Oilondc

a NOj

Chnnic*! conklilumli in

pariB per nillion

Fluondr

F

ESCONDIDO HYDRO SUBUN 1

T

CARLSBAU HYDRO UNI I

S.O2

Silio F.vv UOOC kadnu
Ev^ lOSOC

Coapuled OCOj

12S/ 2W-110 I S
5- 3-51

12s/ 2W-12t 1 S -- 7.6
11- 8-63

12S/ 2W-12e 2 S — 7.6
11- 8-63

12s/ 2W-13E 1 S 69 7.9
7- 3-63

12s/ 2W-13G 1 S — 7.3
1- 9-63

12s/ 2w-l«* 1 S
5- 3-51

106



Stale well
number



fluntbef



State well
number



Date Bwnpled

ToRp.

uniplcd

Specific

OGOdudtflCC

(nucronhoa

Chemicsl conslituenu in

Calcium

Ca

SAN DIEGUirO HYDRO SUBUN I

T

parts p«r inillion

equivalenla per million

percent reaciance value

RuaaiiuR)

K

Caifaonaie

CO3

ftcBrixxiKe Sulfate

HCpj SQ4

Qilonde

a
Nitrate

NO)

Chenical conadlueniB in

fMrtt per fliilliofl

S02

ToulTDS

Env 10S<% B

SAH DIE&UITO MYUNO UNIT

14S/ 3W- I.N 1 S

3- i-bS

1I.S/ 3W- »P 1 S

3- <i-65

IftS/ 3W- 5F 1 S

3-19-65

14S/ 3w- SIC 2 S
3- 3-65

liiS/ 3W- 5N 1 S
3-19-65

1«S/ 3W- 6P 1 S

3-18-65

7.7 210U

7,2 <.<.0U

— 7.5 5000

7.8 3000

8.0 12400

222
11.08

36

86 285 3

7.07 12.39 0.U8
23 fcO

145/ 3W- 6P 2 S 56 7.4
3-26-57

IfcS/ 3W- 7C I S 70 8.0 7700
11-12-52

14S/ 3W- 7C 2 S 54 7.8 UlOu
3-11-64

477 141 420 2

23.80 11.60 18.26 0.05
44 2! 34

152 85 515 41
7.58 6.99 22.39 1.05

20 18 59 3

325 105 730 33

15.22 8.72 31.74 0.84
28 15 55 1

108 33 570 31
5.39 2.71 24.78 0.79

16 8 74 2

273 224 3400 70
13.52 18.42 147.83 1.79

7 10 81 1

100 56 513 9

4.99 4.51 22.31 0.23
15 14 59 1

291
14.52

1?

96 1700 23
7.90 73.92 0.59

8 76 1

294 298 1918 43
14.57 24.51 83.39 1.10

12 20 57 1

145/ 3W- 7C 3 S





SUK.well
aunbci





stale well
nufflber



HumMl



St>l< w<]l



Sl«te/»ell



Dale sampled

Temp,

wtier

urnpled

Specific

conducl«icc

(tniCTORihos

•I 2500

Che«ic»l conttituenia 1

parts pet million

equivalents pet million

percent teactance value

Ml«nNluro

LOWER SAN DIEGO HYDRO SUBUN I

T

Sodium

Na

Carbonate

COj

acaffaonale

HOO3

SAN 0IEC.0 MYOHO UNIT

SullaW

SO.

Oilonde

a
Nllfate

NO)

Chmiickl coflstilurfllB i

pans per million

Silica

S.O2

TI>S

EvvlO$%
Coapulcd

laOOCkarfaaa

CjCOj

1*5/ 1E-33L 1 S
5-27-64

15S/ IE- 2GS1 S
*- 7-59

155/ IE- 2K 1 S
4- 7-59

155/ IE- 2P 1 S
2-19-59

155/ IE- 6N 1 S
6- 4-63

155/ IE- 7K 1 S
2-20-59

155/ IE- 7L 1 S
8-26-54

153/ IE- 7L 2 5
2-25-60

155/ IE- 80 I S
2-19-59

15S/ IE- 9J 1 S

1-28-59

155/ IE- 9P 1 s

9-28-49

155/ IE- 90 2 S
9-28-49

155/ IE- 9R 1 s
10-10-49

155/ IE- 9R 2 S
1-28-69

155/ lE-lOA 1 s

7-23-58

155/ lE-lOH 1 5
11- 7-63

155/ lE-lON 1 5
10-10-49

155/ 1E-12R51 S
12-29-52

155/ 1E-16B 1 S
9-23-49

155/ 1E-16C 2 S
9-27-49

155/ 1E-16C 3 S
10-11-49

155/ 1E-16C 4 s
9-28-49

155/ 1E-16E 1 S
9-27-49

72 7.0

55 7.2

30



Stale well
number



stale well
niuabci



Stale well
number



stale well
number



ngjaber



St«lc well
number



S(st« well
numbei



Date sampled

Temp,

when

sampled

Spcafic

conduct«ice(.

(nuctonhoa

•12500

Chemical coosiilumla in

parts per million

equtvslenix per mllion
perceni rescisnce value

Cklcium

Cm

Sodium

Na

PDCaauum

K

Caftwnale

CO3

Bicaitaut* Sultat*

HOO3 SCI4

Nitnte

f403

Chenical constiluenis in

parit per Million

Fluonde

F S.O2

Silica Pvip VK)°C hMtoesa
Ev^ 105<3c

C«aiputed c^o^^

LOWER SAN OIEGO HYDRO SUttUN 1 T Z07»i^
SAN 01 too nTl>KO UN 1 I

16S/ IW- 2A
.-IJ-Sl

16S/ IW- iA 9 S
4-16-51

16S/ IW- 2A10 S
4-16-51

165/ IW- 2A12 S
4-16-51

16S/ IW- 2A13 S
4-16-51

16S/ IW- 2A15 S
4-12-51

165/ Iw- 2A16 S
4-16-51

16S/ IW- 2A18 S
4-18-51

165/ Iw- 28 2 S
4-17-51

16S/ IW- 2D 1 S
4-24-51

16S/ Iw- 20 2 S
4-24-51

— 8.0 103u

7.7 166U

7.3 1290

— 7.6 131u

8.1 1700

— 7.9 137u

7.6 1240

7.6 1130

7.5 1912

93 59 125 2

4.64 4.85 5.44 0.05
31 32 36

99 62 120 2

4.94 5.10 5.22 0»05
32 33 34

98 62 145 2

4.89 5.10 6.30 0.05
30 31 39

69 46 115 1

3.44 3.7S 5.00 0.03
28 31 41

75



Slale well
numbet



SUK.xll
number



Tenp.

^when

sampled

Specific

(micronhos

.12500

Chemical constituents in

pads ptr million

equivalents per million

percent reactance value

Magnesium

Mg

Carbonate

003

Bicarbonate

HCO3

Sulfate

SO4

Oilonde

a

SAN OIE&O HYDRO UNI

T

LOWER SAN OlEGO HYDRO SUbUNIT ZOVAu

Nitrate

NO3

Chemical constituents in

parts per million

Fluoride

F

Silica

S1O2

TDS
F.vap I8OOC

Evap 10S°C

Computet)

Total

hardness

16S/ IW- 3C 1 S

5- 1-51

15S/ IW- 3C 2 S

12- 4-62

16S/ IW- 3E 1 S Ti

12- <.-62

16S/ IW- 3& 1 S
<4-24-51

7.6 3360

7.5 1750

7.8 1360

I6S/ IW- 3G 2 S
'.-2<>-51

16S/ IW- 3G 3 S
4-30-51

165/ IW- 3G <. S

<.-30-51

163/ IW- 3& 5 S
1.-30-51

16S/ IW- 3G 6 S
4-30-51

165/ IW- 3G 7 S

4-30-51

165/ IW- 3H 1 5
4-24-51

165/ Iw- 3H 2 S
4-23-51

165/ IW- 3H 4 5
4-24-51

165/ IW- 3H 6 S
4-24-51

165/ IW- 3J 1 5

10-22-57

165/ IW- 3K 1 S
4-24-51

165/ IW- 3<C 3 5

4-19-55

165/ IW- 3K 4 5

1-12-51

165/ IW- 3K 5 S

2- 7-53

165/ IW- 3M 1 S 66
2- 5-53

165/ IW- 3N 1 5 78
1 1-16-58

165/ IW- 30 1 S 73
8- 2-56

165/ Iw- 30 3 5
0- 0-51

— 7.3 1930

8.4 1830

7.5 2688

7.5 2114

7.5 2146

7.2 230O

— 7.2 2185

7.0 4651

7.5 4850

6.1 1072

7.3 2580

7.3 3676

230
11.48

34



State well
number



Slaie well
BUD bet



Date Kkoipled

Tanp.

Mopled

Spoafic

(micrmho. c^^^

ChcfBlcal con«Iltu*nls in

p«ilB p«r million

equlv*l«nlc pet nillion

pctc«n( iraclancv value

Sodiia fVMaMuia|Cwtiana(r

a>3 H003

Sullate

SO4

Oilendr

a
NilnMe

(IO3

Clicsical conitilumlB in

pniln pel tllim

Fluonde

F SOj

aiica £nr UO^ kMtun

Coapwtcd COO,

LOWER S«N DIEGO HYDRO SUBUNII 207A0

16S/ 1W-12J 6 S — — 2137
5-15-il

S*N OltOO HYLiRO UNIT iUlOO

16S/ IW-12K 1 S
5-lit-51

I6S/ IW-IJK J S
5-14-51

165/ IW-12K 3 S
5-14-51

165/ lw-12lt 4 S
5-14-51

165/ 1W-12K 6 S
5-14-51

165/ 1W-12K 6 S
5-14-51

165/ 1W-12L 1 S
5-22-51

165/ 1W-12M 1 S
5-22-51

165/ 1W-12M 2 S

5-23-51

165/ 1W-12N 1 S
5-17-51

165/ 1W-12N 2 S
6- 7-51

165/ 1W-12N 3 S
5-22-51

165/ 1W-12P 1 5
5-28-51

165/ 1W-12P 2 5

5-22-51

1513

7.2 1366

7.5 926 43 42 79

2.15 3.45 3.43
24 38 38

7.4 102U 54 43 B2 2

2.69 3.54 3.57 U.U3
27 36 36 1

8.C 214U 129 87 166 4

6.44 7.15 7.22 0.10
31 34 35

7.3 2063 lie 86 150
5.89 7.07 6.52

30 36 33

7.1 3650 218 122 354
10.88 10.03 15.39

30 28 42

7.8 2530 123 78 285 2

6.14 6.41 12.39 0.05
25 26 50

6.2 1109

7.9 780 65 16 89 1

3.24 1.32 3.87 Q.03
36 16 46

7.9 3003 176 112 272
8.78 9.21 11.03

29 31 40

165/ 1W-12P 3 5 — 7.7 1575
5-22-51

165/ 1W-12P 4 5 — 7.6 1242
5-28-51

7.6 1066

7.6 1934

165/ lw-120 3 S
6- 7-51

165/ 1W-12Q 4 5
6- 7-51

165/ lw-120 6 S
5-28-51

165/ lw-120 8 5 — 7.4 1036 38 27 142
1-12-51 1.90 2.2Z 6.17

18 22 60

16S/ 1W-12010 S
6-19-51

.0 1040 51 39 102 3

2.54 3.21 4.43 0.08
25 31 43 1

203
3.33



stale well
number



Date lamptMl

when

Spcdfic

oondudvfce

(miciomhos

•I250C)

Chetnical conBliluents in

parts pel million
equivalenit pet million

pcfceni reaclance value

C>lciuni Mapwwum Sodium

Na

Cafbonale

CO3

Blcarfaonale

HCO3

Sulfate

SO4

Oilonde

a
Nil rale

NO3

Chemical conadiuenis in

parts per million

S02

Silica E«V »0°C kxheu

Computed

SAN OltbO MYUKU UNIT
LOWER SAN OIE&O MYljRO SUbUNII Z07A0

c«oe>}

165/ 1H-16K 2 S
<.-19-62

155/ IW-liK 3 S

a- 2-i6

165/ 1W-15K ". 5
5- 8-il

165/ IW-ISK 5 S
5- 6-51

165/ 1W-15IC 6 5

5- a-5l

165/ 1W-15K 7 5
5- 9-51

165/ 1W-15K e 5
11- 6-63

165/ 1W-15P 1 S
5- 9-51

165/ IW-lbR 1 5

5- 9-51

165/ 1W-23E 1 5

10-11-51

165/ 2W- 2D 1 5
4- 8-59

155/ 2W- 3L 1 5

6- 1-5U

155/ 2V- 3P 1 5
2-2<.-60

165/ 2M- <,0 1 s
I0-28-5B

165/ 2W- 50 1 5
2-17-59

155/ 2W- 5M 1 5

5-3I-5U

165/ 2w- 5N 1 5

li- 8-59

155/ 2V- 9B 1 5
13-31-63

155/ 2W- 9C <. 5
7-25-61

165/ 2W- 9C 5 5
2-24-60

155/ 2w- 9C 5 5
8-11-58

165/ 2k- 9C 7 S
6-11-58

165/ 2w- 9F I 5
6- 1-60

7.7 5400

71 7.8 6140

8.5 229J

7.9 1385

7.6 2600

7.3 IIUO

7.5 1608

— 7.8 2779

74 7.4 2581

7.3 3090

7.3 2380

75 7.5 1405

-- 7.6 1432

7.6 2350

59 7.5 151J

7.3 1700

7.5 1625

71 7.1 2000

140



Slate well
auaber



SiBle well
number





nuRib«r



nplrri

Specific

cxnckictanc«|,

(nucnxnhoK

•t 2SaC)

Chemical constituents in

paris per million

equivalents pet million

percent reactance value

Magnesium

Me

Carbonate

C03

Bicarbonate

HOO3

Sulfate

SO4

Nitrate

NO3

Chemical constituents in

parts per million

Silica

S02

TDS
ilEvap 180%buudn<
Ev^ lOSOC

Computed

oi^dCTAATt^ nYuMV/ Ji^l I

UPPcK SWutTrtATcK .IY^'<J ^jUuU.^lT Z0>^^

CaC03

1<.S/ <.E-27& IS 4-7.

1<.S/ <.t-330 1 S — 0.6
9- '.-i9

15S/ 3ii-2-o 1 S 63 7.i
5- d-38

15S/ 3E-26Jil S — '••

7-23-i3

33



state well
number



Stale well
number



SUle^well
ntJRiMr



SUte well
nunber



Date suipl«d

T«p.

nplcd

Speafic

oondictwKe

(nucnnhos

rt 250C)

Chenlcal con»liluenlB in

parts p«i million

n)uivalenls pet million

percent reactMicr value

Sodiian

N«

Potasaiiaa ICartnoale

CO, HCO]

SuUaM

SO4

Chlonde

a
Nitrate

NO]

Chcaical coAsliluvntt ii

pafit p«i mlliaa

nimllr

F S.O3 Caap«tc4 C«00j

riA JUANA HYDRO SUBUNII
TIA JUANA MTOKO UNI I

IBS/ JW-34A 1 S
6- 6-57

7.3 5040 26J 13? 649
13. U7 10.86 28.22

Sfc JO >!

IBS/ iW-3<.A 2 S 7o 7.8 2701/

1-31-63

leS/ 2W-34F 1 s 66 7.3 68UO
6-22-6<.

IBS/ JW-I^L ? S 70 7.7 ^400
6-2?-6<.

IBS/ JW-T-L <• S 59 7.8 2270
e-12-53

IBS/ 2W-3'.P 1 S 69 7.4 3900
6-22-64

IBS/ 2W-34P 2 S 59 7.8 221^^

8-12-53

180 63 375
8.98 5.18 16.31

29 17 53

373 153 1070
18.61 12.58 46.52

24 16 60

329 117 860
16.42 9.62 37.39

26 15 59

120 56 264
5.99 4.52 U.4B

27 21 52

323 90 475
16.12 7.40 20.65

36 17 47

98 64 246
4.89 5.26 10.70

23 25 51

70
1.79

3

3

0.08

10
0.26

6
0.15

IBS/ 2W-350 1 S
5-17-51

18S/ 2W-35F 1 S
2- 8-62

18S/ 2W-35IC 1 S
2- 6-63

18S/ 2W-35L 1 S
10-31-63

18S/ 2tt-35N 2 S

B-12-53

IBS/ 2W-35R 2 5
8-12-59

IBS/ 2w-36e 1 S
8-11-59

19S/ IW- 3E 1 S
9- 1-59

19S/ 2w- IE 1 S

8-12-53

19S/ 2W- IE 4 s
11-18-58

19S/ 2W- IE 8 S
11-18-58

19S/ 2<il- IG 2 S
8-12-53

19S/ 2W- IJ 2 S
8-11-53

19S/ 2«- IM 9 S
12- 6-60

19S/ 2W- IMll S
8-12-59

19S/ 2W- 1H14 S
12- 6-60

7.8 235U

7.5 3000

7.6 4500

61 7.9 2300

7.5 3820

83 7.9 2070

61 8.0 237U

68 7.7 382u

68 7.5 5663

7.7 3760

63 B.l 2900

68 7.8 2860

73 7.8 2780

68 8.0 2525

78



Slate well



stale well
number



St.lt well



S(at« well
numlwr





W t C

KEY MAP

LEGEND

—^— DRAINAGE PROVINCE BOUNDARY

—— — HYDROLOGIC UNIT BOUNDARY

i+Y<>ROLOS«; sueuNiT boundary

4.00 SEE NAMES AND AREAL CODE
NUMBERS FOR COMPLETE
DESIGNATION.

STATE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES
SOUTHERN DISTRICT

GROUND WATER OCCURRENCE AND QUALITY
SAN DIEGO REGION

LOCATION OF HYDROLOGIC
BOUNDARIES



S»N OIKOO RKOION

Z-01.00



PLATE 4A

SAN LUIS REY RIVER
COASTAL AREA

Z - 03.00

LEGEND

. IQQ LINE OF EQUAL THICKNESS OF VALLEY FILL

BOUNDARY OF VALLEY FILL AREA

STATE OF CALIFORNIA

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

GROUND WATER OCCURRENCE AND QUALITY
SAN DIEGO REGION

LINES OF EQUAL THICKNESS OF VALLEY FILL

IN SELECTED AREAS

SCALE OF MILES





PLATE 4A

SAN LUIS REY RIVER
COASTAL AREA

Z - 03.00

LEGEND

. IQQ LINE OF EQUAL THICKNESS OF VALLEY FILL

BOUNDARY OF VALLEY FILL AREA

STATE OF CALIFORNIA

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

GROUND WATER OCCURRENCE AND QUALITY
SAN DIEGO REGION

LINES OF EQUAL THICKNESS OF VALLEY FILL

IN SELECTED AREAS

SCALE OF MILES



SAN LUIS REY RIVER
INLAND AREA

Z - 03 00



PLATE 4A

LEGEND

- 100 LINE OF EQUAL THICKNESS OF VOllE* FILL

BOUNDARY OF VALLEY FILL AREA

STATE OF CALIFORNIA

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

GROUND WATER OCCURRENCE AND QUALITY

SAN DIEGO REGION

LINES OF EQUAL THICKNESS OF VALLEY FILL

IN SELECTED AREAS

SCALE OF MILES





PLATE 4B

SAN DIEGUITO RIVER
COASTAL AREA

Z - 05.00

LEGEND

125 LINE OF EQUAL THICKNESS OF VALLEt FILL

BOUNDARY OF VALLEY FILL AREA

STATE OF CALIFORNIA

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

GROUND WATER OCCURRENCE AND QUALITY

SAN DIEGO REGION

OF EQUAL THICKNESS OF VALLEY FILL

IN SELECTED AREAS
SCALE OF MILES

I 968



PLATE 4B

LEGEND

125 LINE OF EQUAL THICKNESS OF VALLET FILL

C3 BOUNDARY OF VALLEY FILL AREA

STATE OF CALIFORNIA

THE RESOURCES AGENCV
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

GROUND WATER OCCURRENCE AND QUALITY

SAN DIEGO REGION

LINES OF EQUAL THICKNESS OF VALLEY FILL

IN SELECTED AREAS
SCALE OF MILES



PLATE 4C

ME ^ TIA JUANA RIVER AREA
Z - I I 00

LEGEND

75 l-"^E OF EQUAL THICKNESS OF VALLEY FILL

BOUNDARY OF VALLEY FILL AREA

STATE OF CALIFORNIA

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SOUTHERN DISTRICT

GROUND WATER OCCURRENCE AND QUALITY
SAN DIEGO REGION

LINES OF EQUAL THICKNESS OF VALLEY FILL

IN SELECTED AREAS

SCALE OF MILES10 1?





PLATE 4C

TIA JUANA RIVER AREA
Z -

I I 00

LEGEND

75 l-INE OF EQUAL THICKNESS OF VH^LEt FILL

'•^•1 "ly.
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